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ABS TRACT 

The family of r o u t i n e s  designated as COHORT w a s  recoded i n  FORTRAN-IV 

language and several improvements were made i n  t h e  r o u t i n e s  i n  o rde r  t o  

i n c r e a s e  t h e i r  e f f i c i e n c y  and t o  widen t h e i r  range of a p p l i c a t i o n  t o  

r a d i a t i o n  hea t ing  and’ t r a n s p o r t  problems. Every e f f o r t  w a s  made t o  d i s -  

cover and c o r r e c t  a l l  coding e r r o r s  i n  t h e  updated ve r s ion  of COHORT and 

t h e  accuracy of t h e  c a l c u l a t i o n a l  methods used i n  t h e  code w a s  checked 

out  through comparisons of r e s u l t s  from test problems wi th  d a t a  from 

o t h e r  c a l c u l a t i o n a l  methods. 

A d i scuss ion  of t h e  modif icat ions made t o  COHORT and comparison of 

r e s u l t s  from t h e  FORTRAN-IV ve r s ion  of t h e  code with d a t a  from o t h e r  

c a l c u l a t i o n a l  methods are g iven  i n  Volume I of t h i s  r epor t .  U t i l i z a t i o n  

i n s t r u c t i o n s  f o r  t h e  FORTRAN-IV v e r s i o n  of t h e  primary source gene ra to r  

rou t ine ,  Sol,  t h e  secondary source generator  r o u t i n e ,  S02, and t h e  t a p e  

read rou t ine ,  CO1,  are contained i n  Volume 11. U t i l i z a t i o n  i n s t r u c t i o n s  

f o r  t h e  h i s t o r y  gene ra to r  rou t ine ,  H01, and t h e  t a p e  s o r t  rou t ine ,  J O 1 ,  

are contained i n  Volume 111. U t i l i z a t i o n  i n s t r u c t i o n s  f o r  t h e  two 

a n a l y s i s  rou t ines ,  A01 and A02, are contained i n  Volume I V .  

iii 



FOREWORD 

The au tho r s  wish t o  acknowledge t h e  work of a l l  those  who have 

p a r t i c i p a t e d  i n  t h e  development of t h e  COHORT code, e s p e c i a l l y  D. M. 

Braddock, L. M. Bost ick,  C. F. Malone and T. W. D e V r i e s  who shared i n  

t h e  coding of t h e  o r i g i n a l  Gersion of COHORT. They wish t o  express 

t h e i r  apprec i a t ion  t o  M r .  Len S o f f e r  and M r ,  I. Karp f o r  t h e i r  work 

i n  t r a n s l a t i n g  COHORT t o  FORTRAN-IV and t h e i r  sugges t ions  f o r  improve- 

ments t o  t h e  code. They a l s o  w i s h  t o  express  t h e i r  apprec i a t ion  t o  

M r .  James P r i c e  and M r s ,  Linda Causey f o r  t h e i r  he lp  i n  debugging t h e  

cu r ren t  ve r s ion  of COHORT. The au thors  are a p p r e c i a t i v e  of t h e  gui- 

dance provided by M r ,  Henry S tern ,  t h e  t e c h n i c a l  monitor of both t h e  

previous and cu r ren t  s t u d i e s  f o r  t h e  development improvement of COHORT. 

i v  



TABLE OF CONTENTS 

I 

I1 

I11 

ABSTRACT 

FOREWORD 

LIST OF TABLES 

INTRODUCTION - 
ANALYSIS CODE A01 

2.1 Flux a t  a Po in t  Detector 

2.2 U t i l i z a t i o n  of Analysis  Code A01 

2.2.1 Operator I n s t r u c t i o n s  A 0 1  Code 

2.2.2 A 0 1  Inpu t  Data Formats 

2.2.2.1 A01 Problem Input  Data 

2.2.2.2 L ib ra ry  One: H01, A01,  A02 Codes 

2.2.2.3 Library  Two: H01, A01, A02 Codes 

2.2.2.4 Library  Five: A01, A02 Codes 

2.2.2.5 Library  Six: H01, A01, A02 Codes 

2.2.2.6 Library  Ten: H01 and A 0 1  Codes 

2.3 A 0 1  Sample Problem 

2.3.1 A 0 1  Sample Input  

2.3.2 A01 Sample Output 

2.4 A 0 1  FORTRAN-IV L i s t i n g s  

ANALYSIS CODE A02 

3.1 Flux Within a Region 

3.2 P a r t i c l e  Leakage 

3.3 U t i l i z a t i o n  of Analysis  Code A02 

3.3.1 Operator I n s t r u c t i o n s  

3.3.2 A02 Inpu t  Data Formats 

Pane 

iii 

iV 

v i i  

1 

2 

3 

6 

7 

7 

8 

11 

13 

16 

17 

20 

2 1  

22 

22 

27 

79 

79 

81 

82 

a2 

83 

V 



TABLE OF CONTENTS (continued) 

3.3.2.1 A02 Problem Input Data 

3 . 3 . 2 , 2  Library One: H01, A01, A02 Codes 

3 . 3 . 2 . 3  Library Two: H01, A01,  A02 Codes 

3 . 3 . 2 . 4  Library Five: A01, A02 Codes 

3 . 3 . 2 . 5  Library Six: H01, A01,  A02 Codes 

3 . 4  A02 Sample Problem 

3 . 4 . 1  A02 Sample Input 

3 . 4 . 2  A02 Sample Output 

3 . 5  A02 FORTRAN-IV Listings 

REFERENCES 

83 

87 

89 

93 

94 

96 

97 

98 

112 

148 

vi 



LIST OF TABLES 

Table 

I 

I1 

I11 

I V  

V 

V I  

V I 1  

V I 1 1  

IX 

x 
X I  

X I 1  

XI11 

X I V  

xv 

X V I  

X V I I  

A 0 1  Problem Input  Data Format 

Library  One Input  Data Format 

Library  Two Input  Data Format 

Library  F ive  Input  Data Format 

Library  S ix  Input  Data Format 

Library Ten Input  Data Format 

A01 Sample Input  Data 

A01 Sample Output Data 

A02 Problem Input  Data Format 

Library  One Input  Data Format 

Library  Two Input  Data Format 

Library  F ive  Input  Data Format 

Library  S ix  Input  Data Format 

H01 Secondary Gamma Ray Problems Input  

H01 Secondary Gamma Ray Problems Output 

A02 Sample Input  Data 

A02 Sample Output Data 

Page 

8 

1 2  

16 

17 

19 

21  

23 

24 

84 

89 

92 

93 

95 

97 

102 

105 

106 

v i i  



1 

I INTRODUCTION 

This document con ta ins  t h e  u t i l i z a t i o n  i n s t r u c t i o n s  f o r  t h e  two 

a n a l y s i s  r o u t i n e s  A01 and A02 t h a t  are two of t h e  family of seven rou- 

t i n e s  designated as t h e  COHORT (Calculat ion of Heating o r  Radiat ion 

Transport)  Code (Ref. 1 & 2 ) .  The primary purposes of t h i s  document 

are t o  f u r n i s h  information necessary f o r  t h e  p repa ra t ion  of i n p u t  da t a  

f o r  t h e  two a n a l y s i s  rou t ines ,  t o  provide o p e r a t i o n a l  i n s t r u c t i o n s ,  

and t o  i d e n t i f y  t h e  va lues  p r i n t e d  as output  d a t a  f o r  t h e  two codes. 

Brief  d e s c r i p t i o n s  of t h e  methods used i n  t h e  two r o u t i n e s  are given 

as a n  a i d  i n  t h e  p repa ra t ion  of t h e  inpu t  da t a .  

Both of t h e  a n a l y s i s  r o u t i n e s  are designed t o  analyze t h e  c o l l i s i o n  

d a t a  w r i t t e n  on t h e  h i s t o r y  t a p e  by t h e  History Generator rou t ine ,  H01. 

The A 0 1  r o u t i n e  g ives  an estimate of t h e  s c a t t e r e d  f l u x  a t  each of a 

set of from one t o  f i v e  p o i n t  receivers from each of t h e  c o l l i s i o n s  

w r i t t e n  on t h e  h i s t o r y  tape.  

t i o n  of energy and as a func t ion  of t h e  p o l a r  and azimuthal ang le s  of 

t h e  p a r t i c l e ' s  d i r e c t i o n  as it  passes  through t h e  receiver po in t .  

A02 r o u t i n e  g ives  an estimate of t h e  average number of t r a c k  l eng ths  

w i t h i n  each region. 

may be converted t o  f l u x  by d iv id ing  by t h e  volume of t h e  region.  

t r a c k  l eng ths  are recorded ve r sus  region and energy. The A02 r o u t i n e  

a l s o  g i v e s  t h e  angular  d i s t r i b u t i o n  of t h e  c u r r e n t  leaking i n t o  t h e  

o u t s i d e  region. 

The s c a t t e r e d  f l u x  i s  recorded as a func- 

The 

The average number of t r a c k  l eng ths  w i t h i n  a region 

The 
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I1 ANALYSIS CODE A01 

The func t ion  of t h e  A01 code i s  t o  estimate t h e  s c a t t e r e d  f l u x  a t  

each of a set of one t o  f i v e  p o i n t  receivers t h a t  may be loca ted  a t  any 

p o s i t i o n  w i t h i n  t h e  def ined geometry. The geometry d e s c r i p t i o n  f o r  t h e  

A 0 1  code i s  i d e n t i c a l  t o  t h a t  f o r  t h e  History-Generator Code H01 d i s -  

cussed i n  Volume I11 of t h i s  r e p o r t .  The p o s i t i o n  of t h e  s c a t t e r i n g  

cen te r s ,  t h e  energy, and d i r e c t i o n  of the p a r t i c l e  be fo re  c o l l i s i o n ,  

t h e  weight a f t e r  c o l l i s i o n ,  t h e  type  of c o l l i s i o n ,  t h e  t a r g e t  nucleus, 

and t h e  region of scatter are furnished t o  t h e  A01 code by t h e  h i s t o r y  

t ape  w r i t t e n  by t h e  K O 1  code. A01 c a l c u l a t e s  t h e  p r o b a b i l i t y  of scat- 

t e r i n g  through t h e  angle,  $, between t h e  p a r t i c l e ' s  d i r e c t i o n  be fo re  

c o l l i s i o n  and i t s  d i r e c t i o n  a f t e r  s c a t t e r i n g  toward t h e  receiver posi-  

t i o n s ,  Next, t h e  energy a f t e r  c o l l i s i o n  and t h e  a t t e n u a t i o n  of t h e  

p a r t i c l e  weight from t h e  c o l l i s i o n  c e n t e r  t o  t h e  receiver is  c a l c u l a t e d  

and then m u l t i p l i e d  by t h e  p r o b a b i l i t y  of s c a t t e r i n g  through $ t o  o b t a i n  

an estimate of t h e  f l u x  s c a t t e r e d  t o  t h e  receiver from t h a t  c o l l i s i o n  

cen te r .  The sum of t h e  estimates from a l l  c o l l i s i o n  c e n t e r s  t o  a given 

receiver p o s i t i o n  divided by t h e  number of h i s t o r i e s  g i v e s  a n  estimate 

of t h e  t o t a l  s c a t t e r e d  f l u x  a t  t h a t  receiver p o s i t i o n .  
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2.1  Flux a t  a Po in t  Detec tor  

i' y i  The spa t ia l  coord ina tes  of a po in t  d e t e c t o r  are denoted as x 

and 2 . .  

and 2. 

The coord ina tes  of t h e  c o l l i s i o n  p o i n t  are denoted as X, Y 
1 

The d i s t a n c e  between t h e  c o l l i s i o n  p o i n t  and t h e  i t h  d e t e c t o r  

po in t  is  given by 

and t h e  d i r e c t i o n  cos ines  of t h e  f l i g h t  pa th  t o  t h e  d e t e c t o r  are given 

- Y  'i 

'i di 
¶ 

z - 2  
i = 

'i di 

The l abora to ry  system s c a t t e r i n g  angle  through which t h e  p a r t i c l e  must 

scatter i n  order  t o  be heading toward t h e  d e t e c t o r  is computed by t h e  

equat ion 

cosJli = aa + BBi + YYi' i 

where a, B, and y are the  d i r e c t i o n  cos ines  of t h e  p a r t i c l e  be fo re  c o l l i -  

s ion .  The d i s t a n c e s  t r ave led  through each reg ion  along t h e  f l i g h t  pa th  

between t h e  c o l l i s i o n  po in t  and t h e  d e t e c t o r  p o i n t  are computed and 

m u l t i p l i e d  by t h e  t o t a l  c r o s s  s e c t i o n  f o r  t h e  energy a f t e r  c o l l i s i o n  

f o r  each reg ion  t o  g ive  t h e  pa th  l eng th  i n  each region.  

The method used t o  compute t h e  p a r t i c l e  energy a f t e r  s c a t t e r i n g  

through t h e  ang le  Jl i s  dependent on t h e  type  of p a r t i c l e  being con- 

s ide red .  I f  t h e  p a r t i c l e  i s  a neutron, t h e  energy a f t e r  a c o l l i s i o n  

wi th  any element of atomic weight A, except  hydrogen, is  computed by 

use of t h e  equat ion  
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where h t h e  center-of-mass s c a t t e r i n g  angle ,  is  given by i' 

cos2$ - 1 i- cos$i &2$i i- A 2 F 1  i c o d i  = 

I n  t h e  above equat ions B i s . a  parameter tak ing  on t h e  va lue  B = l  i f  t h e  

c o l l i s i o n  i s  an elastic s c a t t e r i n g  event  and t h e  va lue  B = ( 1  - Ex/E) 

i f  t h e  c o l l i s i o n  i s  an  i n e l a s t i c  s c a t t e r i n g  event.  The energy E i s  

t h e  neutron energy before  c o l l i s i o n .  

The energy a f t e r  a c o l l i s i o n  with a nucleus of hydrogen i s  given 

2 by Ei = Ecos +. . 
de tec to r  i s  terminated, s i n c e  neutron s c a t t e r i n g  through angles  g r e a t e r  

I f  cos+ d t h e  c a l c u l a t i o n  of t h e  f l u x  a t  t h e  
1 

than 90' cannot occur phys ica l ly .  

I f  t h e  p a r t i c l e  being s c a t t e r e d  i s  a gamma ray,  t h e  s c a t t e r e d  

energy i s  given by 

where E is t h e  gamma-ray energy before  c o l l i s i o n .  

The p r o b a b i l i t y  t h a t  a neutron,  undergoing a c o l l i s i o n  a t  X, Y,  

and Z w i l l  scatter pe r  u n i t  s o l i d  angle  i n t o  t h e  angle  $ so t h a t  i t  

w i l l  be  headed toward t h e  d e t e c t o r  is denoted by 

i 

du - do (K,$i,E) 

cl (E) K,S 
do where (K,$,E) i s  t h e  d i f f e r e n t i a l  s c a t t e r i n g  c ros s  s e c t i o n  i n  t h e  

l abora to ry  system f o r  element K at  angle  $ and energy E. The c r o s s  

s e c t i o n  u (E) is  defined as 
K, s 
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o (E) =  IT 
K, s 

When neutron e l a s t i c  s c a t t e r i n g  i s  a n i s o t r o p i c  i n  t h e  center-of-mass 

system, t h e  p r o b a b i l i t y  (see expression above) i s  computed from t h e  

inpu t  cumulative p r o b a b i l i t y  d i s t r i b u t i o n  t a b l e s  f o r  t h e  element of 

c o l l i s i o n  as def ined by t h e  atomic weight A. 

For those  cases i n  which t h e  elastic s c a t t e r i n g  is  i s o t r o p i c  i n  

t h e  center-of-mass system, and f o r  a l l  i n e l a s t i c  s c a t t e r i n g  events,  

t h e  p r o b a b i l i t y  of s c a t t e r i n g  p e r  u n i t  s o l i d  a n g l e  i n t o  t h e  ang le  

A .  i s  1 /4~r .  
1 

The s c a t t e r i n g  p r o b a b i l i t y  i n  t h e  center-of-mass system i s  con- 

v e r t e d  t o  t h e  l abora to ry  system by u s e  of t h e  equat ion 

I f  t h e  coLl i s ion  

u n i t  s o l i d  ang le  

l/?i (cos$i). 

The angular  

element is hydrogen, t h e  s c a t t e r i n g  p r o b a b i l i t y  p e r  

i n  t h e  l abora to ry  system f o r  ang le  + i i s  given by 

s c a t t e r i n g  p r o b a b i l i t y  i n  t h e  l abora to ry  system f o r  

gamma rays  i s  independent of t h e  material i n  which t h e  c o l l i s i o n  

occurs and is  computed from t h e  Klein-Nishina formula by u s e  of t h e  

expression 

E 
E 

a 511 

where P = Y 

1+ - (l-cos+i) 

r is t h e  classical e l e c t r o n  r ad ius ,  and 
0 

o (E) i s  t h e  gamma-ray s c a t t e r i n g  c r o s s  s e c t i o n  p e r  e l e c t r o n  a t  
C 

energy E. 
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The cross section o (E) is computed from the expression 
C 

1 + 3Q 
oc(E) = 2.rrr~ * ( l+Q Q3 [ 1 + 24 Rn(1 + 2Q)] + 6 Rn(1 + 24) - (1 + 2Q13) 

where Q = E/,511 for gamma-ray energy E in units of MeV. 

The estimator used to cpmpute the particle flux at the detector 

from each collision is given by 

where exp is the sum of the mean free paths traversed through each re- 

gion as the particle moves between the collision point and the detec- 

tor, and W is the particle's weight after collision. The flux estima- 

tor is stored for each detector as a function of the particle's energy 

and the angles cos 

particle's path at the detector. 

-1 yi and 9. where $I is the azimuthal angle of the 
1 i 

2.2 Utilization of Analysis Code A01 

The purpose of the Analysis Code, A01, is to calculate the inten- 

sity and the energy and angular distributions of the scattered neutron 

or gamma-ray flux at a set of from one to five detector points. The 

code requires as input a HISTORY tape or, if the problem involves more 

than one energy super-group, a SORTED tape. The HISTORY or SORTED tape 

furnishes information generated by the History-Generator Code, giving 

data concerning collision points that were distributed throughout the 

described geometry by the Monte Carlo method. In most cases the geo- 

metry and cross-section data necessary for input into the A01 code will 

be exactly the same as that used in H01 when generating the HISTORY 

tape and, therefore, many of the library decks used in the H01 problem 

may be used in the A01 problem also. 
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o r  SORTED tapes  should be loaded on l o g i c a l  t ape  u n i t s  3 and 4 before  

s t a r t i n g  t h e  problem. I f  t h e r e  is only one inpu t  HISTORY o r  SORTED tape,  

i t  should be loaded on l o g i c a l  u n i t  3. I f  c ros s  sec t ions  are t o  be inpu t  

on tape ,  t h e  c ross -sec t ion  t ape  should be loaded on l o g i c a l  u n i t  11. I f  

c ros s  s e c t i o n s  are inpu t  on cards ,  they w i l l  be t r a n s f e r r e d  t o  t h e  t a p e  

on l o g i c a l  u n i t  10, and i f  des i r ed ,  t h e  opera tor  may be i n s t r u c t e d  t o  

save and l a b e l  t h e  tape on l o g i c a l  u n i t  10. I n  any event t h e  opera tor  

should be informed t h a t  l o g i c a l  t a p e  u n i t s  1, 9,  10 and 11 may be used 

during t h e  process  of running a problem with t h e  A01 code. 

2.2.2 A01 Input  Data Farmats 

The cards  making up t h e  problem input  and t h e  l i b r a r y  d a t a  f o r  A01 

must be sequenced i n  columns 69 through 72. The f i r s t  card of each 

problem inpu t  o r  l i b r a r y  d a t a  deck must have a 0001 i n  these  columns 

and each succeeding card must conta in  t h e  numbers i n  increas ing  sequence. 

I n  addi t ion ,  t h e  numbers i n  columns 67 and 68 of a l l  cards  wi th in  a 

deck must be 00 f o r  problem input  d a t a  o r  t h e  l i b r a r y  number f o r  l i b r a r y  

d a t a  decks. 

t h e  sequence of cards  as they  are read i n  and t o  check t o  determine 

whether a l l  cards  i n  a deck have t h e  c o r r e c t  number i n  columns 67 and 68. 

I f  t h e  program d e t e c t s  a card out  of sequence o r  an i n c o r r e c t  number 

I n s t r u c t i o n s  are included i n  the  COHORT rou t ines  t o  v e r i f y  

an e r r o r  statemen ill be p r in t ed  and t h e  problem 
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t h a t  s e p a r a t e s  t h e  b ina ry  and d a t a  dec 

l e m  d a t a  i s  shown i n  Table 1. 

TABLE I 

A 0 1  Problem Input  Data Format 

( f o r  Columns 1 through 6 2 )  

Input 
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 1215 IEPMAX 

IGPMAX 

IPPMAX 

IREGSC 

ND 

NEL 

NG 

NHT 

NREG 

Number of ene rg ie s  bounding p r i n t o u t  
energy groups 

- <21 

Number of angles  bounding p r i n t o u t  <21 
p o l a r  ang le  groups 

Number of angles  bounding p r i n t o u t  55 
azimuthal ang le  graups 

- 0  

Number of  d e t e c t o r  p o i n t s  15 

Number of elements 18 

Type of p a r t i c l e s  

NG = 0, neutrons 
NG = 1, gamma rays  
NG = 2, secondary gamma r a y s  

3&NREG;i50 

o u t s i d e  boundaries 520 

NMAT Number of  materials 18 
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TABLE I (continued) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1015 

MHTAPE (K) 

1H,A6,A3, H(l),H(2) Label of i npu t  t apes  (usua l ly  HISTORY 
o r  SORTED) 

Input  HISTORY o r  SORTED tape  numbers (K=l  110 
t o  NHT; i f  one of t h e  t a p e s  i s  only p a r t i a l l y  
f i l l e d ,  t h e  number of t h a t  t ape  should be 
t h e  last one l i s t e d . )  

815, NSG 
E10.4 

I Q I D  

NHIST 

MKREC (1) 

MKREC (2) 

ISRCTP 

NTAP 

Number of energy super-groups 120  

Tape number of c r o s s  s e c t i o n  t a p e s  ( I f  
c r o s s  s e c t i o n s  are i n p u t  on cards  r a t h e r  
t han  tapes ,  l eave  t h i s  f i e l d  b l ank , )  

Number of h i s t o r i e s  

Number of records on las t  HISTORY o r  
SORTED t a p e  t h a t  is  t o  be inpu t  

Number of sets of c o l l i s i o n  d a t a  i n  t h e  
last  record of t h e  last HISTORY o r  
SORTED t a p e  t o  be i n p u t  

HISTORY o r  SORTED t a p e  opt ion 

ISRCTP = 0, HISTORY o r  SORTED t a p e  is 
a v a i l a b l e  (A01, A02 l i b r a r y  
5 not needed) 

on ca rds  r a t h e r  than t ape  
(A01, A02 l i b r a r y  5 i s  needed) 

ISRCTP = 1, C o l l i s i o n  d a t a  w i l l  be inpu t  

Cross-section t ape  op t ion  

NTAP = 0, c r o s s  s e c t i o n s  no t  on t a p e  
( l i b r a r y  6 ' s  are needed f o r  
each super-group of every element) 

t a p e  ( l i b r a r y  6 ' s  are n o t  needed.) 
NTAP = 1, c r o s s  s e c t i o n s  w i l l  be inpu t  on 

( I f  c r o s s  s e c t i o n s  are on tape,  l i b r a r i e s  6 
and 10 are no t  needed, bu t  i f  c r o s s  s e c t i o n s  
are on cards ,  l i b r a r i e s  6 and 10 are needed. 
Cross-section t apes  w r i t t e n  by t h e  H01 code 
w i l l  no t  be accepted as inpu t  i n t o  t h e  A01 
code. ) 
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TABLE I (continued) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

JSENSE Intermediate  p r i n t o u t  op t ion  

JSENSE = 0, do n o t  p r i n t  o u t  i n t e rmed ia t e  
p r i n t  d a t a  

JSENSE = 1, do p r i n t  ou t  i n t e rmed ia t e  
p r i n t  d a t a  

(JSENSE should be  0 i f  more than  50 h i s -  
t o r i e s  are being run, otherwise too much 
in t e rmed ia t e  p r i n t o u t  w i l l  be received; 
50 h i s t o r i e s  may g ive  a s t a c k  of p r i n t o u t  
from 6 t o  12 inches high.)  

EPSL S m a l l  increment used t o  move a p a r t i c l e ' s  
p o s i t i o n  o f f  a boundary (This va lue  when 
added t o  t h e  l a r g e s t  d i s t a n c e  t o  a boundary 
t h a t  i s  a n t i c i p a t e d  i n  t h e  given problem 
should change t h a t  d i s t a n c e  i n  t h e  f i r s t  
e i g h t  s i g n i f i c a n t  places.)  

4 6E10.0 BEGGER(K,M) Number of sets of c o l l i s i o n  d a t a  (+.5) 
f o r  super-group M on HISTORY o r  SORTED tape  
I ( i f  NHT = 0, omit ca rds  wi th  BEGGER(K,M) 
values .  ) 

5 1215 IETAP(K) Number of t abu la t ed  c r o s s  s e c t i o n s  f o r  super- 
group K (maximum of 100) 

Follows 6E10.0 PPRINT(K) Angles bounding p r i n t o u t  azimuthal angle  K = l  
last groups (degrees, ascending order;  t h e  f i r s t  IPPMAX 
IETAP (K) 
card group and t h e  remaining va lues  are t h e  

va lue  is  t h e  lower bound of t h e  f i r s t  ang le  

upper bounds of t h e  f i r s t  through t h e  l a s t  
groups e ) 

Follows 6E10.0 EPRINT(K) Energies bounding p r i n t o u t  energy groups K = l  
last  (MeV, ascending o rde r ,  The f i r s t  energy IEPMAX 
PPRINT (K) 
c a rd  maining values  t h e  upper bounds of each 

bound should be equa l  t o  EMIN and t h e  re- 

of t h e  p r i n t o u t  energy groups) 

Follows 6E10.0 GPRINT(K) Angles bounding p r i n t o u t  p o l a r  ang le  K = l  
last groups (degrees,  ascending o rde r .  The IGPMAX 
EPRINT (K) f i r s t  va lue  i s  t h e  lower bound of t h e  
card f i r s t  ang le  group and t h e  remaining va lues  

are t h e  upper bounds of t h e  first through 
t h e  last  groups.) 
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TABLE I (Continued) 

Follows 110, NRD(K) Region i c h  t h e  K t  
last  3E10.0 loca ted  (K = 1 t o  
GPRINT (K) 
card (K) 

YDl(K) 
Z D 1  (IC) 

S p a t i a l  coordinates  of d e t e c t o r  K 

* 
Follows 4E10.4 EGRP(K) Lower energy bound f o r  energy group K K=l,NSG 
last 
NRD(K) ca rd  EMAX(K) Upper energy bound €or  energy gcoup K K=l,NSG 

Follows 6E10.0 ESI(K) Energy below which elastic s c a t t e r i n g  i s  K=l,NEL 
last i s o t r o p i c  i n  t h e  center-of-mass system 
EGRP (K) f o r  element K. (These va lues  are not  re- 
card qu i r ed  f o r  a gamma c a l c u l a t i o n ,  but  a 

blank’ space must be l e f t  f o r  each element 
of t h e  problem. ) ‘i 

Follows 6E10.0 ATWT(K) A i c  weight of element K (These va lues  K=l,NEL 
last must be l i s t e d  i n  t h e  same orde r  t h a t  they 
ESI (K) 
ca rd  

Follows 6E10.0 D N ( J , K )  Atomic d e n s i t y  of element K i n  material K=l,NEL 
l a s t  J ( S t a r t  new card f o r  each material.) J = l , N W T  
ATWT(K) ca rd  

w e r e  l i s t e d  i n  t h e  H01 problem t h a t  wrote 
t h e  t a p e  used as inpu t  i n  t h i s  problem.) 

Follows 6110 NB(K) Number of boundaries de f in ing  region K K=l,NREG 
las t  
DN(J,K) c a rd  

Follows 6110 MATREG(K) Material i n  region K K=l ,NREG 
last 
NB(K) ca rd  

* Reading order:  (EGRP(K), EMAX(K), K=l,NSG) 

2.2.2.2 Library One: H01,  A01, A02 Codes 

Library one con ta ins  information desc r ib ing  boundaries f o r  t h e  COHORT 

codes H01, A01 and A02. I f  AO1, A02 and H01 problems are being run  f o r  

t h e  same geometry, t h e  s a m e  l i b r a r y  deck 1 may be used i n  t h e  inpu t  i n  

a l l  t h r e e  codes, I n  de i b i n g  t h e  boundaries, t h e  o u t s i d e  boundaries 

must be descr ibed f i r s t .  A boundary should n o t  be  used both as an i n s i d e  
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and o u t s i d e  boundary because once t h e  program d i s c e r n s  t h a t  a p a r t i c l e  has 

crossed an o u t s i d e  boundary from a n  i n s i d e  region, t h e  t r a c k i n g  of  t h e  

p a r t i c l e  i s  terminated. I f  t h e  geometry is  such t h a t  a boundary i s  both 

an o u t s i d e  and an i n s i d e  boundary, i t  should be def ined t w i c e ,  f i r s t  as 

an ou t s ide  boundary and later as an i n s i d e  boundary. The format f o r  t h e  

d a t a  i n  l i b r a r y  one i s  given i n  Table 11. 

TABLE I1 

Library One Input  Data Format 

( f o r  Columns 1 through 62) 

Input 
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 2110 LIBT Type of l i b r a r y  t o  be read i n  (LIBT = 1 =1 
f o r  l i b r a r y  one) 

NBD Number of boundaries descr ibed i n  175 
l i b r a r y  one 21NBD 

The next  NUB ca rds  should con ta in  t h e  boundary d e s c r i p t i o n s  
f o r  t h e  NUB o u t s i d e  boundaries of t h e  geometry being descr ibed.  

2 I l O , *  IBT(K) 
5E10.4 

Type of boundary f o r  boundary K K=l ,NBD 

I B T ( K )  = 1, sphere,  e l l i p s o i d  o r  hyperboloid 
IBT(K)  = 2, paraboloid 
IBT(K) = 3,  cones 
IBT(K) = 4, c y l i n d e r s  
IBT(K)  = 5, plane containing Z a x i s  
IBT(K)  = 6, p l ane  perpendicular  t o  Z a x i s  
IBT(K)  = 7, plane perpendicular  t o  X a x i s  
IBT(K)  = 8, p l ane  perpendicular  t o  Y a x i s  
IBT(K)  = 9,  a r b i t r a r i l y  o r i e n t e d  plane 

Curve-fi t  c o e f f i c i e n t s  f o r  boundary K 

* Reading order:  (IBT(K), AF(K), ZF(K), CF(K), XF(K), YF(K), K=l,NBD) 
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2,2.2.3 Library Two: H01, A01, A02 Codes 

I n  Library Two t h e  va r ious  i n s i d e  regions i n  t h e  geometry under 

cons idera t ion  are descr ibed by giving t h e  boundary numbers t h a t  en- 

c i r c l e  each of t h e  reg ions .  

i n  H01, A01 and A02 pToblems, then t h e  same l i b r a r y  type 2 may be used 

i n  t h e  inpu t  of a l l  t h r e e  codes. 

w i l l  be taken t o  be a homogeneous mixture,  

and t h e  Analysis Code (A02) c a l c u l a t e  r e spec t ive ly  energy depos i t ions  

and t r a c k  l eng ths  wi th in  regions;  s o  t h e  s i z e  of t h e  regions should be 

chosen t o  g ive  t h e  b e s t  s t a t i s t i c a l  r e s u l t s .  

t h e  f i r s t  region descr ibed i s  the  source region.  It is  no t  necessary 

t h a t  a l l  source p a r t i c l e s  o r i g i n a t e  i n  t h i s  region, but  t h e  problems 

w i l l  run more economically i f  most of t h e  particles o r i g i n a t e  wi th in  

t h i s  region.  Region 2 i s  understood t o  be t h e  o u t s i d e  reg ion  and i s  

not  descr ibed i n  t h i s  l i b r a r y .  

o rder  des i red ,  bu t  d i f f e r e n t  arrangements may prove t o  be more economi- 

ca l ,  s i n c e  upon a p a r t i c l e ' s  c ross ing  a boundary, a search  i s  performed 

beginning with t h e  most probable region of e n t r y  across  t h a t  boundary 

and cyc l ing  through t h e  reg ions  i n  t h e  order  they are input  from t h a t  

po in t  u n t i l  t h e  reg ion  conta in ing  t h e  p a r t i c l e ' s  l o c a t i o n  is found. 

I n  many ins tances ,  i t  may not  be f e a s i b l e  t o  ob ta in  the  optimum 

arrangement of t h e  order  i n  which t h e  regions should be input ,  but  an 

e f f o r t  should always be made t o  cause t h e  code t o  do as l i t t l e  search- 

ing as poss ib le .  

I f  t h e  same geometry is  being considered 

The material wi th in  any one reg ion  

The History-Generator Code 

The codes assume t h a t  

In s ide  reg ions  may be l i s t e d  i n  any 

Boundaries used i n  descr ib ing  a region should not  extend i n t o  t h e  

region.  That is, an area such as t h a t  depicted below should not  be 
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descr ibed as one reg ion  because boundaries e and d extend i n t o  t h e  

region. 

i n s i d e  a reg ion  t o  each boundary surrounding t h a t  region and assume 

t h a t  t he  least p o s i t i v e  d i s t ance  is the  d i s t ance  t o  t h e  ou te r  edge of 

t h e  region measured along t h e  d i r e c t i o n  t h e  p a r t i c l e  is  moving. 

a boundary extends i n s i d e  a region, i t  would be poss ib l e  t o  move t h e  

par t ic le ' s  l o c a t i o n  through t h i s  least p o s i t i v e  d i s t ance  and s t i l l  not  

have moved t h e  p a r t i c l e  t o  t h e  ou te r  edge of t h e  region.  The region 

depicted above should be divided i n t o  two regions s o  t h a t  t h e  boun- 

d a r i e s  surrounding e i t h e r  of t h e  two regions would not  extend i n t o  

t h e  region being surrounded. One such region would be t h a t  surrounded 

by boundaries a, f ,  e and b; t he  o the r  region would be t h a t  surrounded 

by boundaries e, d, c and b o  

The codes c a l c u l a t e  t he  d i s t ances  from a p a r t i c l e ' s  l o c a t i o n  

I f  

Care should be taken t o  prevent a r e f l e c t e d  region from appearing 

i n  the  descr ibed geometry. 

descr ibed i n  t h e  input  b u t  e x i s t s  because t h e  condi t ions  required f o r  

a particle t o  be i n  a reg ion  are s a t i s f i e d  f o r  some reg ion  descr ibed 

elsewhere i n  t h e  conf igura t ion .  The ske tch  below i l l u s t r a t e s  an 

example of t h e  s i t u a t i o n .  

A r e f l e c t e d  region i s  one which i s  not  
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I f  t h e  above f i g u r e  is  r o t a t e d  about t h e  2 a x i s ,  reg ion  1 w i l l  

form a cone which is  t h e  descr ibed  region,  and reg ion  1 A  w i l l  form a 

cone which is t h e  r e f l e c t e d  region.  Any p a r t i c l e s  i n  t h e  cone formed 

by region lA w i l l  s a t i s f y  t h e  condi t ions  t h a t  are requi red  f o r  a 

p a r t i c l e  t o  be i n  reg ion  1. To avoid t h e  d e s c r i p t i o n  of a r e f l e c t e d  

region, an a d d i t i o n a l  boundary should be used i n  desc r ib ing  reg ion  1. 

This  boundary need n o t  border  reg ion  1 but  should be placed between 

reg ions  1 and lA so t h a t  a l l  p o i n t s  i n  region 1 would l i e  on one s i d e  

of t h e  boundary and p o i n t s  i n  reg ion  lA would l i e  on t h e  o t h e r  s i d e  

of t h e  boundary. 

given i n  'Table 111, 

The format f o r  d a t a  contained i n  l i b r a r y  two is  



16 

TABLE I11 

Library Two Input  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 I10 LIBT Type of l i b r a r y  t o  be  read i n  

2 12I5* IBN(K,N)  The n t h  boundary surrounding r eg ion  K = l  o r  3 

( h B T  = 2 f o r  t h i s  l i b r a r y  

K (see NOTE below) through 
NREG K#2 

MPR(K,N) The most probable region of e n t r y  
a c r o s s  t h e  n t h  boundary from reg ion  K NREG 

* Reading order: ( ( I B N ( K , N ) ,  MPR(K,N), N=l,NB(K); K = l  and 3,  NREG) 

I f  Region K has  fewer than seven boundaries,  a second card f o r  t h a t  r eg ion  

i s  unnecessary. Two ca rds  w i l l  be  t h e  maximum necessary f o r  any region, 

s i n c e  t h e  maximum number of boundaries e n c i r c l i n g  a r eg ion  is  nine.  The 

maximum number of regions f o r  any one problem i s  50. 

NOTE: The boundary numbers must be given a s i g n  t h a t  corresponds 
t o  t h e  s i g n  of XR which i s  c a l c u l a t e d  as shown i n  t h e  text. 

2.2.2.4 Library Five: AO1, A02 Codes 

Library f i v e  i s  omitted i f  t h e  va lue  ISRCTP i n  t h e  problem inpu t  d a t a  

is zero. Library f i v e  s u p p l i e s  information f o r  up t o  20 c o l l i s i o n  p o i n t s  

and is  used i n  l i e u  of an i n p u t  HISTORY o r  SORTED tape  when more c o n t r o l  

over  i npu t  v a r i a b l e s  i s  d e s i r e d  f o r  checkout purposes. The c o l l i s i o n  

parameters t h a t  are en te red  i n t o  t h e  code through l i b m r y  f i v e  should 

be  s o r t e d  according t o  energy so  t h a t  t hose  sets of parm'@ters  f o r  t h e  

ene rg ie s  i n  t h e  first super-group are read i n  f i r s t ,  t hose  i n  t h e  second 

gorup, next,  and so on. The format t o  be used when preparing a l i b r a r y  

type 5 d a t a  deck is  shown i n  Table I V .  
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TABLE I V  

L ib ra ry  Five Input  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format Item D e f i n i t i o n  L i m i t  

1 110, lox, LIBT 
I5 

ISRCRC 

NR1 (K) 

EX1 (K) 

Library type (LIBT = 5 f o r  =5 
t h i s  l i b r a r y )  

Number of  c o l l i s i o n s  f o r  which s20 
c o l l i s i o n  parameters are t o  be 
read i n  

K = l ,  ISRCRC 
Coordinates of c o l l i s i o n  po in t  

D i rec t ion  cos ines  of p a r t i c l e ' s  
d i r e c t i o n  be fo re  c o l l i s i o n  

P a r t i c l e ' s  energy be fo re  c o l l i s i o n  

Atomic weight of element w i th  which 
c o l l i s i o n  occurred 

P a r t i c l e ' s  weight 

Region i n  which c o l l i s i o n  occurred 

Exc i t a t ion  level  of t a r g e t  nucleus 

2.2.2.5 Library Six: H01,  A01, A02 Codes 

A l i b r a r y  s i x  is  r equ i r ed  f o r  each energy super-group f o r  every 

element. This l i b r a r y ,  f o r  which t h e  inpu t  format is given i n  Table V, 

g ives  t h e  t o t a l ,  s c a t t e r i n g ,  and elastic c r o s s  s e c t i o n s  f o r  neutrons o r  

t h e  t o t a l ,  Compton p l u s  p a i r  production, and Compton c r o s s  s e c t i o n s  f o r  

gamma rays  f o r  a r b i t r a r i l y  spaced energy p o i n t s  w i t h i n  t h e  energy super- 

group, Only t h e  t o t a l  neutron or  gamma-ray c r o s s  s e c t i o n s  are necessary 
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f o r  t h e  A01 and A02 codes, bu t  i f  a l i b r a r y  has been made up f o r  t h e  

H01 code, i t  may be used "as is" i n  t h e  inpu t  f o r  t h e  A01 and A02 

codes. 

super-group must be t h e  same f o r  t h e  d i f f e r e n t  elements. 

t i o n s  are l i s t e d  f i r s t  f o r  f h e  h ighes t  energy of t h e  group and then i n  

descending order  t o  t h e  lowest energy of t h e  group. 

The range and spacing of t he  energy po in t s  wi th in  a given energy 

The c ross  sec- 

L i b r a r i e s  type 6 may be  loaded behind t h e  problem input  d a t a  i n  

any order ,  s ince  the  codes w r i t e  t h e  c ross -sec t ion  d a t a  on t ape  as i t  

i s  read i n  and then rear ranges  t h e  da t a  according t o  super-group a f t e r  

a l l  l i b r a r y  d a t a  are read i n .  
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TABLE V 

Library S i x  Input  Data Format 

( f o r  Columns 1 through 62) 

Input 
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 2110,215 LIBT 

K 

J 

L 

2 4E10 4* ENERGY (M) 
through 
M + l  
c a rds  

ESM(J,M) 

Library type (LIBT = 6 f o r  t h i s  =6 
l i b r a r y  

Number of energy p o i n t s  a t  which &loo 
c r o s s  s e c t i o n s  are read i n  

Element number (Elements are num- 
bered i n  t h e  o rde r  t h a t  t h e i r  atomic 
weights are l i s t e d  i n  t h e  problem 
i n p u t  da t a . )  

‘Energy super-group number (Energy 
super-groups must be  numbered beginning 
with t h e  group of h ighes t  ene rg ie s  as 
Group 1 and inc reas ing  t h e  group num- 
b e r  as t h e  e n e r g i e s  w i t h i n  t h e  groups 
decrease.)  

Energy p o i n t s  (descending o rde r )  w i th in  
t h e  super-group a t  which c r o s s  s e c t i o n s  
are def ined (These ene rg ie s  should be 
t h e  same f o r  a l l  l i b r a r y  s i x e s  f o r  a 
given super-group.) 

T o t a l  microscopic c r o s s  s e c t i o n  f o r  
Element J (M = 1 t o  K) 

NRG = 0, neutron c r o s s  s e c t i o n s  
NRG = 0, gamma-ray c r o s s  s e c t i o n s  

Microscopic s c a t t e r i n g  c r o s s  s e c t i o n  
f o r  Element J (M = 1 t o  K) 

NRG = 0, neutron s c a t t e r i n g  c r o s s  s e c t i o n  
NRG > 0, gamma-ray Compton p l u s  pa i r -  

product ion c r o s s  s e c t i o n  

Microscopic e las t ic  c r o s s  s e c t i o n  f o r  
neutrons o r  Compton s c a t t e r i n g  c r o s s  
s e c t i o n  f o r  gammas f o r  element J 
(M = 1 t o  K) 

* Reading Order: (ENERGY(J,M), TM(J,M) , SM(J,M) , ESM(J,M), 
M = l ,  K) 
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2.2.2.6 Library  Ten H01 and A01 Codes 

A l i b r a r y  t e n  is requi red  f o r  every energy super-group wi th in  which 

neutron elastic s c a t t e r i n g  is on an element b a s i s  and i s  non-isotropic  

i n  t h e  center-of-mass system. That is, i f  t h e  va lue  ESI ( J )  f o r  t h e  ele- 

ment J i s  less than the  m a x i m u m  energy of t h e  super-group, then a l i b r a r y  

t en  is  requi red  f o r  t h i s  super-group f o r  element J. A l i b r a r y  t e n  i s  

not requi red  f o r  neutron e las t ic  s c a t t e r i n g  by hydrogen or f o r  gamma-ray 

problems. 

Library  t e n  g ives  t h e  cos ines  of t h e  center-of-mass s c a t t e r i n g  

angles  f o r  equal  va lues  of t h e  cumulative p r o b a b i l i t i e s  fo r  i n t e r v a l s  of 

0.05 from 0.05 t o  1.0. Both a l i b r a r y  t e n  and a l i b r a r y  eleven should 

no t  be input  f o r  t h e  same super-group, s i n c e  va lues  i n  l i b r a r i e s  t e n  

and eleven occupy t h e  same s t o r a g e  l o c a t i o n s  i n  t h e  core. The format t o  

be used i n  making up a l i b r a r y  type t e n  is i l l u s t r a t e d  i n  Table V I .  
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TABLE V I  

Library Ten Input  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 2110,215 LIBT Library type (LIBT = 10 f o r  t h i s  
l i b r a r y  ) 

K K = 20, t h e  number of p r o b a b i l i t i e s  
f o r  which t h e  cos ines  of t h e  scat- 
t e r i n g  ang le s  are l i s t e d ,  (This 
number must always be  20.) 

J 

L 

Element number (The elements are 
numbered i n  t h e  o rde r  t h a t  t h e  atomic 
weights are l i s t e d  i n  t h e  problem 
inpu t  d a t a  a ) 

Energy super-group number (The super- 
groups are numbered beginning with t h e  
group of h ighes t  ene rg ie s  as group 1 and 
t h e  number of t h e  groups inc reas ing  as 
t h e  ene rg ie s  of t h e  groups decrease.)  

2 6E10.4 NCROS(J) Number of incident-energy groups f o r  
which s c a t t e r i n g  p r o b a b i l i t i e s  are input  
f o r  element J (Maximum of 25) 

Follows 6E10.4 ESCAT(J,N) Upper bounds of t h e  incident-neutron 
las t  energy groups l i s t e d  i n  descending o rde r  
NCROS ( J )  card from 1 t o  NCROS(J)) 

Follows 6E10.4 DES(J,N,M) Cosines of t h e  center-of-mass S c a t t e r i n g  
las t  ang le s  f o r  element J t abu la t ed  f o r  equal  
ESCAT(J,N) cumulative p r o b a b i l i t i e s  of 0.05 from 
card 0.05 t o  1.00 (20 va lues  of cos ines  i n  

descending o rde r )  

2.3 A 0 1  Sample Problem 

An A01 sample problem w a s  designed t o  analyze t h e  h i s t o r y  t ape  

generated by t h e  H01 r o u t i n e  i n  running t h e  H01 sample problem d i s -  

cussed i n  Volume 111. The A 0 1  problem reads  t h e  c o l l i s i o n  d a t a  from 

t h e  t a p e  l abe led  HISTORY 166 and c a l c u l a t e s  by s ta t i s t ica l  e s t ima t ion  
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t h e  s c a t t e r e d  thermal neutron f l u x  wi th in  t h e  concre te  s l a b  a t  t h e  posi-  

t i o n  X = 0.0, Y = 0.0, Z = 11.288. 

2.3.1 A01 Sample Input  

Table V I 1  l ists  t h e  inpu t  d a t a  f o r  t h e  A01 sample problem. The 

problem inpu t  d a t a  is conta;ined i n  t h e  f i r s t  20 cards  shown i n  Table V I I .  

The remainder of t h e  input  d a t a  f o r  t h e  A01 sample problem is  t h e  same 

as t h a t  f o r  l i b r a r i e s  1, 2 and 6 i n  t h e  H01 sample problem. The h i s t o r y  

t ape  used as input  contained information on 1981 c o l l i s i o n s  i n  101 re- 

cords. The f i r s t  record i s  an information record and t h e  las t  record 

conta ins  t h e  c o l l i s i o n  parameters f o r  only one c o l l i s i o n .  

2.3.2 A01 Sample Output 

The output  from t h e  A01 sample problem i s  l i s t e d  i n  Table V I I I .  

The coord ina tes  of t h e  d e t e c t o r  p o s i t i o n  are l i s t e d  t o  i d e n t i f y  t h e  

p o s i t i o n  a t  which t h e  s c a t t e r e d  f luxes  are ca l cu la t ed .  

f l u x  i s  p r i n t e d  as a func t ion  of po la r  and azimuthal angle  f o r  each 

energy p r i n t o u t  group. 

i n t e n s i t y  summed over a l l  ene rg ie s  as a func t ion  of po la r  and a z i -  

muthal angle.  

normalized t o  f l u x  pe r  u n i t  source p a r t i c l e .  To do t h i s ,  t h e  f luxes  

should be divided by t h e  number of h i s t o r i e s  run wi th  t h e  H01 sample 

problem t h a t  produced t h e  h i s t o r y  tape  used as inpu t  i n  the  A01 sample 

problem. 

from t h e  p o s i t i v e  2 a x i s  of t h e  coordinate  system used i n  def in ing  t h e  

A01 geometry. 

t h e  p o s i t i v e  X ax i s .  

The s c a t t e r e d  

The last  page of p r i n t o u t  g ives  t h e  s c a t t e r e d  

The s c a t t e r e d  f luxes  i n  t h e  H01 output  have not  been 

The polar  angles  used i n  def in ing  t h e  A01 output  are measured 

The azimuthal angles  are measured counter  clockwise from 
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TABLE VI1 A01 Sample Input Data 

-- 2 19 5 a .1; 1 0 1 I1 3 3 1 1660000001 
HLSTBRY 166 166001)0002 
1 50 131 1 0 0 0 11 0-03 166OODOOO3 

1 6 6 0 0 00 004 1981% 5+33 
2 1660000005 
3 a ' D + O 0  90.0+00 l B O m O + D O  2 3 O r O * O O  3600 O+OO 16600 00006 

- 103-38 3.0-38 1660000007 
D o  3+DO 10.0+00 2 0 a O + O O  3 Q m  OCOO 4OoP+OO 50,0+00 1660000008 - 6000+00 70.0+30 80.0+00 9 0 e O + O O  100rO+OO l f O e O + O O  1660000009 

12Ds 3+03 130- D+DO 1405 O+OO L50*0+00 16OrO+OO 170.0t00 1660000010 
18Qt43+33 16600000ll 

7 OmO*OO 0 s  O+OO 11.288*00 16600 00012 
1.0-08 3.0-08 1660000013 
3r 3-38 1660000014 

33,3+33 166000001 5 
1660000016 

3 3 3 3 3 3 1660000017 
3 3 3 3 3 1660000018 
1 0 1 1 1 1 1650000019 
1 1 1 1 1 16600 00020 

b 0.01.0 1660 10002 H01 
4 3r0+2 166010003 
6 66r4tO 1 66 0 10 004 HOl 

6 2r656t0 166010006 HO 1 
6 3 r 9 8 4 t 0  166010OO7 HO 1 
6 6s64OtO 1660T0008 H01 

6 130280tO 166010010 HO 1 
6 180592tO 166010OS 1 H01 
b 26.560*0 1660 1001 2 HO 1 
b 3Po840tO 16602 001 3 HO 1 
2 16602000 1 HO 1 

1 2 -2  2 -4  3 166020002 HO 1 
4 1 - 2  2 - 5  4 166020003 H01 
5 3 -2  2 -6 5 166020004 H01 

- 7 5 - 2  2 - 8  7 166020006 H O T  
8 5 -2 2 -9 8 166020007 h01 
9 7 - 2  2 -10 9 166020008 HO 1 

1 D  8 - 2  2 -11 10 166020009 H01 

12 10 - 2  2 - 3  2 166U20011 HO 1 
b 2 1 1 166060001 HO 1 

330-8 7.53-1 7.4321-1 7.4321-1 166060002 H O l  
1.0-8 7r53-1 7r4321-1 7.4321-1 166060003 HO 1 

1*0+00 

1 12 1660 10001 H0 1 

S 1.328+0 1 660 10 005 xo 1 

b 9.296+0 166010009 H01 

b 4 -2 2 -7 6 1 660 t O  00 5 HO 1 

11 3 - 2  2 - 1 2  11 166020010 HO 1 
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CRBSS SECTIBN TAPE LABEWD CR0sS m - 6  AND CBNTAINS THE FBLLPIWING INF0RNATIBN. 
V WTTT .. 

2 - r _  .NU-!4.BER-BLRE!@ RPS-J IYJd3S TAPE - ___ - . - 
11 = NUMBER BF REGIBNS 
1 = N U B F E L W E N T S  
1 = NUMBER BF MATERIALS 
1 * NUMBER BF SUPERGRBUPS 
0 = NEUTRBNS. GAMMASs OR SECBNDARY GAMMAS 

---_- -- - 
PRBBLEU NUMBER 1660 0 
H I  STBR Y TAPFS LABFLED HISTBRY 166 THR0UGH HISTBRY 166 
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TABLE VI11 A01 Sample Output Da ta (ca nt 'd) 
PARTICLE ENERGY az 00100E-07 T 0  O'e300E-07 HEV 

P0I AR 

l O E G l  - 0 90.0 -a**** 180.0 -e*+++ 270.0 -++4*4 SUM 
ANGLE AZIHUT.HAL ANGLE (DEGREES) 

10.0 0052850E-03 0024832E-03 0013902E-04 0087758E-04 0-87848E-03 

20.0 0o00000E-38 0038321E-03 0-46140E-03 0042865E-03 0-12733E-02 

2 0 7314E-0 50 3 -0 0 8 39 -03 0 92936E-02 

40.0 0000000E-38 0056215E-05 0.183886-03 0-33781E-04 0022328E-03 

50. 0 0014978E-01 00 81135E-05 0093982E-06 0.15774E-05 0014989E-01 

60-0 0027767E-06 0. 49471E-03 0o60483E-04 00 11559E-05 00 55662E-03 

700 0 0 .3mlE-07 00 503046-02 0o23984E-02 O I  l7782E-04 00 74466E-02 

80.0 0.39651F-03 0.301 64E-04 0051f77E-03 0010588E-04 0-45176E-02 

90-0 0.OOQOOE - 38 0-21913F - 02 0.18 997F-02 0088623E-08 0- 4091 1 E-02 

100.0 0096410E-07 01 87461E-03 00 87365E-02 00 79055E-07 00 961 12E-02 

l l O I 0  0037692E-06 0015471E-03 0-.51103E-03 0021206E-04 0-68733E-03 

120.0 0118218E-07 0-11694E-02 0-29066E-07 0.640486-05 0011759E-02 

130.0 0.00000E-38 0-00000E-38 0-00000E-38 0o00000E-38 0oOOOOOE-38 

140.0 __ 0.00OOOE-38 0-12134E-06 Oa00000E-38 0.00000E-38 00 12134E-06 

1500 0 0000000E-38 Oo71838E-05 0114492E-02 0000000E-38 0.145646-02 

160-0 000000OE-38 0o00000E-38 0000000E-38 OIOOOOOE-38 0000000E-38 

170.0 ~ O o O O ~ O O E + 3 8 ~ ~ O o O O Q P O E r ? 8  . 0-00000E-38 0-00000E-38 0.00000E-38 

180.0 0o00000F -38 0.00000E-38 0.00000E-38 Oo23709E-03 Oo23709E-03 

SUM .' 0119745E-01 0018526E-01 0-16478E-01 0016875E-02 Oo56437E-01 
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2.4 A01 FORTRAN-IV Listings 

0uu2 
0003 
00'34 
0 0 0 5  
0006 
00u7 
00UY 
3 0 0 9  
001 0 
3 0 1  1 
0 0 1 2 
3013  
0 0 1 4  
n15 
c315 
c 3.1 7 
001d 
u019 
002  0 
002 1 
0 0 2 2  
0023 
0 0 2 4  
UOZ 5 
0 3 2 6  
3 0 2 7  
002  8 
0 0 2 9  
00.3 0 
0031 
0 0 3 2  

0 0 3  3 
0 0 3 4  
0035  
0 0 3 6  
0 0 3 7  
0 0 3 8  
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SUBROUTINE MAIN 3 
C MAIN PROGRAM I N  ANALYSIS CODE A 0 1  
C 

COYMON /SCTAP/ IDTI  AD, BD, CDr D, X s  Y, ZI W e  NRs E I ,  DESL, 
1 ICOL, I C O L l ,  JSENSEI KRECs KLMAX 

COltYON /!$EDWIT/ I D T A l ( 2 0 ) v  A D A l t Z O ) ,  B D A l ( 2 0 ) r  C D A 1 ( 2 0 ) ,  D A l ( 2 0 ) r  
1 X A l ( 2 0 1 9  Y A l ( 2 0 ) r  Z A l ( 2 0 ) r  W A l ( 2 0 ) s  N R A l ( 2 O ) r  E I A l ( 2 0 ) r  D E S A l ( 2 0 )  

COMYON /CROSS/ NENEGY, E N E R G Y ( 1 0 0 ) r  T C 5 1 8 r 1 0 0 ) r  NCROS(8)s  
1 E S C A T ( 8 r 2 5 )  9 D E S 4 8 9 2 5 r 2 0 )  

CO'lh-?ON /JUYK/, As A O ( 2 0 )  9 A P I 2 y  AT, A T l ( 2 0 )  9 ATWT(8)  9 Br B O ( 2 0 )  9 

1 C, C 0 ( 2 0 ) 9  CLYDA, CPSII CPS129 CROSS CRSSI DELCT, DISTM, 
,2 3SQD9 E l  E O ( 2 0 ) r  EGRP(201,  E S I ( 8 ) s  ESUM(2019 E P R I N T ( 2 1 ) g  
3 EX, E X l ( 2 0 ) r  ESP, F L U X ( 2 0 r 2 0 r 2 0 ) +  F L U X E ( 2 0 r 2 0 1 ,  F S U M ( 8 ) r  
4 C P R I Y T ( 2 1 ) *  GRAD(211, H ( 2 ) 9  HELP, IEEI  I E I N T V 9  IEMAXI IEPMAX, 
5 I E T A 9 ( 2 0 ) ,  I G I N T V ,  1GPF.IA-Xr I H 1 ,  I H 2 r  IHTAPEI IHEAD, ILAST,  
6 I P P I ~ A X I  IREGSC, JZNOr J lNO,  J Y ,  JTAPEI J T A P E l s  JTAPEZI JAI JIr 
7 Kr K l r  KESC29 K G R P ( 3 9 2 0 ) t  KS, KTAPEI L19 L 2 9  L3 ,  LBJI LZ, 
8 Y A T H E G ( 5 0 ) r  i 'JHTAPE(2019 M I G H T ( 2 0 ) v  MNO, NB19 NDI NELI NGI NHTr 
9 kIHIST9 NOIYT, YNI r \ lR1(20) ,  NR2, NRECt NRD(51, N L I B I  NSG, P I D  

1 X l ( 2 0 ) r  X29 X D 1 ( 5 ) ,  XD9 Y 1 ( 2 0 ) ,  Y 2 r  YD, Y D 1 ( 5 ) ,  Z 1 ( 2 0 ) 9  2 2 9  
2 ZZZZ1, 2 2 2 2 2 9  ZD, Z 0 1 ( 5 ) 9  I > N ( 8 r 8 ) 9  ISRCTP, ISRCRCt NMAT, 
3 ETV, I L O C ,  B E G ( 2 0 ) 9  BEGGER(20,20), MKREC(2)v  NTAP-t A W ( 2 0 ) r  
4 EYAX(Z31,  I Y L I B R ( l 1 ) r  I N S U P R ( 2 0 ) *  I N E L E M ( 8 )  
5 /GE0'.11/ I H T (  7 5 ) 1  A F (  7 5 1 9  Z F (  7 5 1 9  CF(  7 5 ) ~  XF(  7 5 1 9  YF(  751, 
6 I R N ( 5 0 9 9 )  9 V P R ( 5 0 9 9 )  9 N U ( 5 0 )  9 EPSLI NBDI NREG 
2 /CAR3C/ IS, I S 1 9  IL ,  I L l ,  F L I B ,  N P R I N T ( 9 1 ,  MS 

COYMOY P P S I N T ( 5 1 ,  PRAD(519 Q ,  I Q I D I  5, SUMS, T M ( 8 ~ 1 0 0 ) r  W 1 1 2 0 ) g  

!?EAD ( 5  r 3 0 ) I E P M A X 9  IGPMAXI IPPMAX, IREGSC, NDr NELr  NG, NH 
NREG, NUR, :JLIR, N Y A T ,  PID, iwi, ISI 

3 3  FORk1AT ( 1 2 1 5 ,  2 X A 4 r 1 2 9 1 4 )  
% l = l  
READ ( 5  , 4 0 ) H 1 1 ) ,  H ( 2 1 9  (MHTAPE( I1 ,  I = l ~ l O ) ~  NN, I S  

4 0  FORYAT ( 1 H  9 A 6 9  A39 1 0 1 5 ,  6 X  I 2 9  14 )  
I F  ( I S 1 - Y 1 )  8 0 9  509  8 0  

5 0  I F  ( I S - I S 1 - N 1 )  7 0 ,  6 0 9  7 0  
6 0  I F  ( l I i ! l - % N )  70,  1 0 4 0 ,  7 0  
7 0  r !y = ~ i r q  + 130 

IS = IS + 10000 
WRITE ( 6 , 8 5 ) P I 0 1  N'V, IS 
C A L L  E X I T  

I S 1 =  I S 1 +  10003 
'*!R I TE 
C A L L  E X I T  

8 0  u u 1 =  X ' J l +  100 

( 6 s 9 5  1 P 1 0 1  NN19 I S 1  

8 5  F0R;lAT (35HODISCREPANCY I N  1.00 F I E L D  OF CARDt A 4 9  1 2 1  1 4 )  
1 0 4 3  READ ( 5  91070)NSG, I O I D t  NHISTI MKKEC( 1) 9 NKREC(Z) ,  I SRCTP 

1, NTAPI JSENSFI EPSL, YNl ,  I S 1  
I F  ( I S 1 - I S - N 1 )  80, 10509 8 0  

105G I F  ( * \ ' ~ \ s l - ~ l Y )  8 0 ,  1060,  8 0  
1960 I S  = 1st  

0002 
0003 
0004 
0 0-05 
0006 
0007 
0008 
0009 
001 0 
001 1 
0012 
0 0 1 3  
0 0 1 4  
0015 
0 0 3 6  
0 0 1 7  
0018 
0 0 1 9  
0020 
002 1 
0 0 2 2  
0023 
0 0 2 4  
0025 

0 0 2 7  
0 0 2 8  
0 0 2 9  
0 0 3 0  
0 0 3  L 
0 0 3 2  
0 0 3  3 
0 0 3 4  
0 0 3 5  
0 0 3 6  
0 0 3 7  
0 0 3  8 
0 0 3 9  
0 0 4 0  
0 0 4  1 
0 0 4 2  
0 0 4 3  
0 0 4 4  
0 0 4 5  
0 0 4 6  
0 0 4 7  
0 0 4 8  
0049 
0 0 5 0  
0 0 5  1 

0 0 2 6  
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0052 
0053 
0054 
0955 
0056 
0057 
0058 
0d59 
00b0 
0 0 5 1  
0062 
0063 
b064 
3065 
0066 
0067 
0068 
0069 
0 0 7 0  
007 1 
0072 
0073 
0074 
u375 
0076 
0077 
0078 
007Y 
006 0 
008 1 
008 2 
0083 
01)84 
0085 
0086 
008 7 
0088 
0 0 8 9  
009 0 
309 1 
0092 
00Y3 
0094 
0095 
0096 
0097 
0 0 9 8  
009 9 
0100 

VN19 0101 
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0102 
0103 
0 104  
0105 
01U6 
0107 
0108 
0109 
0110 
0111 
01 12 
0113 
0114 
0115 
u116 
0117 
0118 
0119 
0120 
012 1 
0111 
0123 
0124 
0125 
0126 
0127 
0128 
0129  
0130 
0 1 3 1  
0132 
0133 
0134 
0135  
0136 
0137 
0138 
0139 
0140 
0141  
0142 
0143 
0144 
0145 
0146 
0 147 
0148 
0149 
0150 
0151  
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190 READ (5 t164)EGRP(K2+2)rEMAX(K2+2), 
JACK=8 
IF (NN-NN1) 8 0 ,  192, 80 

192 IF (IS1-IS-N1) 8 0 ,  1959 80 
195 IF (IS1-IS) 1979 1979 200 
197 ISl=IS 
200 READ (5 9951(ESI(I)r 1=1,6), NN, IS 

JACK=9 
IF (NN-NN1) 70, 2059 70 

205 IF (IS-IS1-N1) 7b9 2109 70 
210 IF (NEL-6) 2309 2309 215 
212 FORQAT (2E10.49 46X 12914) 
2 1 5  READ (5 r212)ESI(7)r ESI(8 

JACK= 10 
IF (NN-NN1) 8 0 ,  220, 

220 IF (IS1-IS-N1) 8 0 s  225, 
225 IS=ISl 
230 READ (5 995 1 (ATWT( I 1 9 I=lr6 

JACK-1 1 
IF (NN-NN1) 809 2359 

2 3 5  IF (IS1-IS-N1) 809 2409 

8 0  
8 0  

80  
80  

240 IF (NEL-6) 2609 2609 245 
245 READ ( 5  9212)ATWT(7)rATWT(8)rNN 9 IS 

JACK=12 
IF (NN-NN1) 709 250, 70 

2 5 0  IF (IS-IS1-N1) 709 255, 70 
255 1S1=1S 
260 DO 300 Is l r N M A T  

READ ( 5  r95)(DN(I,J)tJ=lr6lrNN 9 IS 

IF (NN-NN1) 70, 2659 70 
265 IF (IS-151-N1) 70, 270, 70 
270 IF (NEL-6) 2959 295, 275 
275 READ ( 5  , 2 1 2 ) O N ( I , 7 ) r D N ( I , 8 ) r N N 1 ,  IS1 

JACK= 13 

JACK=14 
IF  (NN-NNl) 8 0 ,  2809 80 

280 IF (El-IS-N1) 809 300, 80 
2 9 5  ISl=IS 
300 CONTINUE 

Il=NREG/lZ 
K 1=0 
K2=0 
K 3 = 9  
Y4=0 
IF( 11) 

Y1=1(,4+1 
K2=Kl+t5 
K3=K2+1 
y4=K3+5 

305 DO 329 I=l,Il 
3 5 0 s  350,  305 

0152 
0153 
0154. 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
0162 
0163 
,0164 
0165 
0166 
0 167 
0168 
0169 
0170 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
0178 
0179 
0180 
0181 
0182 
0183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0192 
0193 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
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READ ( 5  , 3 1 0 ) 1 N B ( J ) r  J = K l r  K 2 ) ,  NNI / S  

JACKS15 
IF (NN-NNl )  709 315, 7 0  

315  I F  ( I S - I S l - N l )  7 0 s  320 ,  7 0  
3 2 0  READ (5 9 3 1 0 ) ( N B ( J ) r  J = K 3 r  K 4 ) ,  N N 1 , I S l  

3 1 0  FORMAT (6110, 6 X  1 2 9 1 4 )  

JACK-16 
I F  (NV-NNl )  8 0 ,  325, 80  

3 2 5  I F  ( I S l - I S - N l )  8 0 3  3 2 9 9  80 
3 2 9  CONTINUE 

3 3 0  I F  ( I S l - I S - N l )  8 0 ,  331, 8 0  
3 3 1  I F  (NN-NV l )  80s 3 3 2 9  8 0  
332 GO T O  (420,415,434,440,446(452r452~458~464~470476~500)~ ILOC 
3 3 3  I F  ( I S - I S l - N l )  70,  3349  70 
3 3 4  I F  (NN-NN1) 70, 3 3 2 s  7 0  
3 5 0  K 1 = K 4 + 1  

GO TO 3 5 0  

I l=NREG-12*11  
I F  (11 )  420, 420, 3 5 2  

352  GO T 0 ~ 3 6 0 , 3 7 0 9 3 8 0 ~ 3 9 0 ~ 4 0 0 s 4 1 0 ~ 4 1 0 ~ 4 1 0 ~ 4 1 0 ~ 4 1 0 ~ 4 1 0 ~  ,I1 
3 6 0  READ ( 5  , 3 6 2 ) N B ( K l ) r  NN, IS 
362 FORMAT ( 110, 56X 1 2 9 1 4 )  
3 6 3  JACK=17 

I L O C t l  
GO T O  3 3 3  

GO T O  3 6 3  

READ ( 5  r 3 8 2 ) ( N B ( J ) ,  J z K l r K 2 ) r  NN, IS 

371) READ ( 5  , 3 8 l ) N B ( K l ) r N B ( K l + l ) r  NN, IS 

3 8 0  K2=K1+2 

3 8 1  FORYAT ( 2 1 1 0 ,  46X 1 2 9 1 4 )  
382 FORFAAT ( 3 1 1 0 9  36X 1 2 9 1 4 )  

GO T O  3 6 3  
3 9 0  y2=K1+3  

HEAD ( 5  , 3 9 2 )  ( N B ( J )  r J = K l * K 2 ) ,  NN, IS  
392  FORMAT ( 4 1 1 0 s  26X 12,141 

GO T O  3 6 3  
400 K2=K1+4 

READ ( 5  r 4 0 2 ) ( N B ( J ) r  J = K l , K 2 ) r  NN, I S  
402 FOllr4AT ( 5 1 1 0 9  16X 1 2 9 1 4 )  

GO TO 3 6 1  
4 1 0  Y2=K1+5 

HEAD ( 5  r 3 1 0 ) ( N B ( J ) , J = K l , K Z ) ,  NNt IS 
JACK=lR 
I L o c = 2  
Gr) T O  3 3 3  

415 Y l = K 2 + 1  
I S l = I S  
1 1 ~ 1 1 - 6  
I F ( I 1 )  

420 I F  ( I S - I S l )  
4209  4 2 0 9  3 5 2  
4259  4 3 0 9  4 3 0  

0202 
0203 
0204 
0 2 0 5  
0206 
0207 
0208 
0 2 0 9  
0 2 1 0  
0 2 1  1 
0 2 1 2  
0 2 1 3  
0 2 1 4  
0215 
0 2 1 6  
0 2 1 7  
0 2 1 8  
0 2 1 9  
0 2 2 0  
0 2 2 1  
0 2 2 2  
0 2 2 3  
0 2 2 4  
0 2 2 5  
0 2 2 6  
0 2 2 7  
0 2 2 8  
0 2 2 9  
0 2 3 0  
0 2 3 1  
0 2 3 2  
0 2 3 3  
0 2 3 4  
0 2 3 5  
0 2 3 6  
0 2 3 7  
0 2 3 8  
0 2 3 9  
0 2 4 0  
0 2 4  1 
0 2 4 2  
0 2 4 3  
0 2 4 4  
0 2 4 5  
0 2 4 6  
0 2 4 7  
0 2 4 8  
0 2 4 9  
0 2 5 0  
0 2 5 1  
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4 2 5  I S = f S l  
4 3 0  READ (5 

JACKm19 
ILOC=3 
GO TO 3 3 0  

4 3 4  IF(NREG-6)  
436 READ (5 

I LOC=4 
GO TO 3 3 3  

4 4 0  IF lNREG-12)  
4 4 2  READ (5 

I LOCo5  
GO TO 3 3 0  

446 I F ( NREG-18 1 
4 4 8  HEAD (5 

I LOC-6 
GO TO 3 3 3  

4 5 2  IF lNREG-24)  
4 5 4  READ ( 5  

I LOC=7 
GO TO 3 3 0  

4 5 8  I F ( NREG-30 1 
4 6 0  READ ( 5  

I LOC=8 
GO T O  3 3 3  

464 IF (NREG-36)  
4 6 6  READ ( 5  

I L O C - 9  
GO TO 3 3 0  

4 7 0  I F I NREG-42 ) 
4 7 2  READ ( 5  

I LoC= lo  
GO T O  3 3 3  

4 7 6  IF (NREG-48)  
4 7 8  READ ( 5  

5009 5 0 0 ,  4 3 6  
, 3 1 0 ) ( M A T R E G ( I ) , I =  7 9 1 2 ) ~  NN 9 IS 

5009  50'0,  4 4 8  
r310)(MATREG(II,I=19~24)r NN 9 IS 

5009 5 0 0 ,  4 5 4  
, 3 1 0 ) ( M A T R E G ( I ) , I = 2 5 , 3 0 ) , N N 1  9 IS1 

5009  5 0 0 ,  4 6 0  
, 3 1 0 ) ( M A T R E G ( I ) r I = 3 1 r 3 6 ) ,  NN 9 IS 

5 0 0 ,  5 0 0 ,  4 6 6  
, 3 1 0 ) ( M A T R E G ( 1 ) , 1 = 3 7 , 4 2 ) t N N l  9 IS1 

5 0 0 ,  5 0 0 ,  4 7 2  
, 3 1 0 ) ( M A T R E G ( I ) , I = 4 3 , 4 8 ) ,  NN v IS 

5009 5 0 0 ,  4 7 8  
r479)MATREG(49)rMATREG(50)9 NN1, I S 1  

4 7 9  FORMAT (2110 ,  4 6 x  12,141 
ILoc=11 
GO T O  3 3 0  

500 I F  ( IS -1 .51 )  505, 505, 510 
5 0 5  I S = I S l  
5 1 0  I H 1  = MHTAPE (1) + 1 0 0 0 0  

I H 2  = MHTAPE(NHT)+10000 
C A L L  INDATA. 
RETURN 
END 

0 2 5 2  
0 2 5 3  
0 2 5 4  
0 2 5 5  
0 2 5 6  
0 2 5 7  
0 2 5 8  
0 2 5 9  
0 2 6 0  
0 2 6 1  
0 2 6 2  
0 2 6 3  
0 2 6 4  
0 2 6 5  
0 2 6 6  
0 2 6 7  
0 2 6 8  
0 2 6 9  
0 2 7 0  
0 2 7 1  
a 2 7 2  
0 2 7 3  
0 2 7 4  
0 2 7 5  
0 2 7 6  
0 2 7 7  
0 2 7 8  
0 2 7 9  
0 2 8 0  
0 2 8 1  
0 2 8 2  
0 2 8 3  
0 2 8 4  
0 2 8 5  
0 2 8 6  
0 2 8 7  
0 2 8 8  
0 2 8 9  
0 2 9 0  
0 2 9  1 
0 2 9 2  
0 2 9 3  
0294 
0 2 9  5 
0 2 9 6  
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C S U B R O U T I N E  I Y D A T A  IN A N A L Y S I S  CODE ,4014 0002 
S U H R O U T I Y E  I N D A T A  0003 
COk+YO\I / S C T A P /  I 'DT,  AD, BO, C D t  D r  XI Y, Z, V R v  E 1 9  D E S L ,  0004 

1 I C O L r  I C O L l r  J S E N S E ,  K R E C ?  K L M A X  0005 
C O Y W ' \ I  /t;JEDb/IT/ I D T A l ( 2 0 ) r  A D A l ( Z O ) ,  B S A l ( 2 O ) r  C i l A i ( 2 0 ) r  D A l ( 2 0 1 r  0006 

1 X A l ( 2 C ) ) r  Y A l ( 2 O ) r  Z A l ( 2 O ) r  W A l ( 2 0 ) r  N R A l ( 2 0 ) r  E I A l ( Z O ' ) ,  D t S A l ( 2 0 )  0007 
C(?I',!OY / C R O S S /  ftErVEGY 9 E i V t R G Y  ( 100.) p T C S (  8 , L O O )  I N C R O S (  8 )  r 0008 

0 0 0 9  
001 0 
001 1 
0012 
0013 
0014 
0 0 1 5  
0016 
0017 
00113 
'3019 
0 0 2 0  
c)o2 z 
u022 
3023 
0024 
0 3 2  5 
0 0 2 6  
OQ27 

002 u 
0 0 2 9  
3 U 3  3 
003 1 
303% 
0 0 3 3  
3034  
0035 
3 0 3 6  
0 0 3 7  
C d 3 8  
0039 
3 0 4 0  
0 0 4 1  
u042 
3c43 
0 3 4 4  
0 0 4 5  
0346 

oL'4 7 
d o 4 8  
0 0 4 9  
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IF (NRG-1) 329 409 40 
32 DO 38 L=l,NEL 

IF (ESI(L)-EMAX(M)I 369 389 38 
36 IF (ATWT(L)-lo51 389 389 37 
37 INLIBR(101=INLIBR(lO)+l 

INSUPR(M)= INSUPR ( M ) + 1  
INELEM(L)= INELEM (L)+l 
NLIBC=NLIBC+l 

38 CONTINUE 
40 CONTINUE 
41 IF (NLIBC-NLIB) 429180942 
48 WRITE (6,44)NLIBC, NLIB 
44 FORMAT ( llHOTHERE ARE 9 15, 36H LIBRARIES REQUIRED IN THIS PROBLE 

1Mo/lH 9 I51 38H LIBRARIES WERE SUPPLIED IN THE INPUT. ) 
WRITE (6946) 

46 FORMAT (89HOTHE FOLLOWING LIST OF LIBRARY PARAMETER WILL HELP DETE 
lRYINE WHICH LIBRARIES ARE MISSING. ) 
GO TO 581 

110 FORMAT (21109415r 22X A41 121 14)  
120 FORMAT (14HOLIRRARY DECK A49 I 2 9  13H IS IN ERROR.) 
130 IL = IL + 100 

140 CALL EXIT 
150 IL=IL + 100 

WRITE (6*120)FLIB, IL 

ISPIS + 10000 

WRITE (6r1601FLIB9 IL9 IS 
GO TO 140 

170 IL = IL1 
IS = IS1 
GO TO 150 

160 FORMAT (35HODISCREPANCY IN IoD. FIELD OF CARD I A49 129 14) 

C 
180 LllREC = 0 

L4REC = 1 + NSG 
REWIND 9 
CALL SLITE ( 0 )  

200 READ (5 911O)LIBT9 1 9  J r  Kr Nd Nlr FLIBv ILsIS 
IF (IS-MS) 1509 2109 150 

210 IF (LIBTI 1309 130, 220 
2 2 0  IF (LIBT-11) 230, 2309 130 
230 GO TO ~ 2 4 0 ~ 2 8 0 ~ 3 6 0 r 3 6 0 ~ 3 0 1 , 3 1 0 , 3 6 0 ~ 3 6 0 ~ 3 6 0 ~ 4 6 0 ~ 3 6 0 ~ ~ L 1 B T  
240 NRD=I 

CALL LIB1 
I N L I B R ( L I B T ) = I N L I R R ( L I B T ) - 1  

CALL SLITET(l9KOOOFX) 

260 CALL SLITET(29KOOOFX) 

270 IF (NLIB) 5659 5659 200 

250 NLIB=NLIB-l 

GO TO(1509260)rKOOOFX 

GO TO(170t270)tKOOOFX 

0050 
005 1 
0052 
0053 
0 0 5 4  
0055 
0056 
0057 
0058 
0059 
0060 
006 2 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0 0 6 9  
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
007 8 
0079 
0080 
008 1 
0082 
008 3 
0084 
008 5 
0086 
0087 
008 8 
0089 
0090 
009 1 
0092 
0093 
0094 
0095 
0096 
0097 
009 8 
0099 
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I?!LIHf< ( L I t j T  1 =I L L I B R  ( L I L T  1-1 
53 T 3  2 7 3  

C L IUI IA I IY  TYPE 6 

0100 
0101 
0102 
0 1 0 3  
0 1 0 4  

1 1 1 9  0105 
0 1 0 6  
0 1 0 7  
0108 
0109 
0110 
0111 
0 1 1 2  
0113 
0 1  14 
0115  

0116  
0 1 1 7  
C l l R  

0 1 2 1  
u 1 1 2  
0 1 2 3  
0 1 2 4  
0125 
0126 
6 1 2 7  
0126 
31.29 
'3130 
0 1 3 1  
0 1 3 2  
0133 
0 1 3 4  
3 1 3 5  
0 1 3 6  
61147 
u 1 3 8  
0139 
014b  
0141 
3 1 4 2  
0 1 4 3  
0 1 4 4  
0 1 4 5  
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5 6 5  DO 5 6 7  L z l t l l  

5 6 7  CONTINUE 
I F ( I N L I B R ( L ) )  5 7 5 9  567 ,  5 7 5  

DO 5 6 9  LX11NSG 
I F ( I N S U P R ( L ) )  5 7 5 9  5 6 9 9  5'75 

DO 5 7 1  L= l ,NEL 
I F ( 1 N E L E V l L ) )  5 7 5 9  5 7 1 1  5 7 5  

GO TO 6 0 0  

5 6 9  CONTlNUE 

5 7 1  CONTINUE 

5 7 5  WRITE ( 6 9 5 8 0 1  

5 8 0  FORMAT 149HOTHE TOTAL NUMBER OF INPUT L I B R A R I E S  WAS CORRECT./ 
1 65H HOWEVER# THE NUMBER OF ELEMENTS AND/OR SUPERGROUPS IS INCOKHE 
2CT.j 

5 8 1  WRITE ( 6 1 5 8 2 1  
582 FORMAT(40Hl  L I N S U P R ( L )  I N L I B R l L )  I N E L E F l ( L ) )  
584 FORMATl lH , 1 3 9 1 8 r 2 1 1 2 )  

DO 5 8 6  L z l e 8  
5 8 6  WRITE I 6 r 5 8 4 ) L ~ I N S U P R ( L ) v I N L I B R ( L ) r I N E L E M O  

DO 5 8 8  Lp9111 
5 8 8  W R I T E  ( 6 ~ 5 8 4 ) L ~ I N S U P R t L ) t I N L I U R ( L I  

DO 5 9 0  L=12,20 
5 9 0  .WRITE ( 6 1 5 8 4 ) L # I N S U P R ( L )  

CALL E X I T  
600 REWIND 3 

I F  (NTAP)  8 5 5 1  6 0 2 1  8 5 5  
602 DO 8 0 0  Ms19NSG 

REWIND 9 
L =o 

C WRITE ALL CROSS SECTIONS ON TAPE 9 

610 L * L + 2  
6 2 0  READ ( 9 ) L I B T *  I $  J s  K 1  NI f 4 l  

IF (M-K) 6 4 0 1  630,  6 4 0  
6 3 0  LT = L I B T - 5  

GO TO (660r360r360r360r700r360), L T  
6 4 0  READ I 9 1 
6 5 0  I F  (L -L11REC)  6 1 0 9  7 2 0 9  7 2 0  

6 6 0  READ l 9 1 (ENERGY(L1)  ,TM(  J9LI.l r L l = l t I )  
C LLBRARY TYPE 6 

NENEGY = I 
GO TO 6 5 0  

C LIBRARY TYPE 1 0  
7 0 0  NCROS(J)=N 

READ 1 9 ) ( E S C A T ( J I N E ~ , N E = ~ ~ N ) ~ ( ( D E S ( J , K E I I N ) B K E = ~ ~ N ~ ~ I N = ~ ~ I )  
GO TO 6 5 0  

C CALCULATE MACROSCOPIC CROSS-SECTIONS 
7 2 0  DO 7 6 0  M 1  = 1 9  NMAT 

DO 7 5 0  M2altNENEGY 

0 1 4 6  
0 1 4 7  
0148 
U149  
0 1 5 0  
3 1 5 1  
0 1 5 2  
0 1 5 3  
U154 
0 1 5 5  

0156 

9 1 5 7  
0 1 5 8  
0 1 5 9  
0 1 6 0  
U 1 6 1  
0 1 6 2  
0163 
0164 
0 1 6 5  
0 1 6 6  
0167 
3 1 6 8  
0 1 6 9  
0 1 7 0  
0 1 7 1  
0 1 7 2  
0 1 7 3  
0 1 7 4  
0 1 7 5  
0 1 7 6  
0177 
0 1 7 8  
0 1 7 9  
018c 
0 1 8  1 
0 1 8 2  
0183 
0 1 8 4  
0 1 8 5  
0 1 8 6  
0187 
0 1 8 8  
0 1 8 9  
0 1 9 0  
0 1 9 1  
0 1 9 2  
0 1 9 3  
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0 1 9 4  
0 1 9 5  
0 1 9 6  
0197 

0 1 9 8  
01'39 
0 2 0 0  
02u1 

9E:.'I'!^, 9 0 2 0 2  
Q l ?  F0II"AT ( 34HlCROSS SECTION TAPE LABELED CROSS I 4 9 5 4 H  WAS GENERATED 0 2 0 3  

0 2 0 4  
0 2 0 5  
0 2 0 6  
0 2 d 7  
d 2 0 8  
0 2 d 9  
0 2 1 0  

0 2 1 1  
0 2 2 2  
0 2 1 3  
0 2 1 4  
0 2 1 5  
0 2 1 6  
0 2 1 7  
0 2 1 8  
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3019 

U240 
0 2 5 0  
0 2 6 0  
0 2  7U 
0230 
0290 
0 3 0 0  
0 3 2 0  

0 3 3 0  
0 3 4 0  

0 3 6 0  
037U 
0 3 8 0  
0 3 9 0  
0 4 0 0  

0 4 2 0  
0 4 3 0  

0 4 5 0  
0 4 6 0  
0 4 7 0  
d4HU 
04y0 
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SURROUTINE L I B 2  
C SUBROUTIVE L I R 2  I N  HISTORY GENERATION CODE 
C 

COI-"\IOY / G F O " l /  I B T (  7 5 1 9  AF(  7 5 1 r  Z F (  7519 CF(  7 5 1 9  XF( 7 5 1 9  
1 Y F (  751, If3PJ150,919 Y P R ( 5 0 9 9 1 9  N R ( 5 0 1 9  EPSLI IJBD9 NREG 
3 /CARaC/ IS, I S 1 9  IL ,  I L19  F L I R ,  V P f I I N T ( 9 1 9  YS 

C 
READ ( 5  ~ 1 0 1 ( I B N ( l , J 1 ~ M P R ( l , J ) , J = 1 , 6 1 r  I L 1 ,  IS1 

1 7  FOSrrlAT ( 1 2 1 5 9  6 X  1 2 9 1 4 )  
I F  ( I L - I l l )  * 8 0 9  209  80 

2 0  I F  ( I S l - I S - ~ S 1  809  309 80  
31) I F ( : ; B ( 1 ) - 6 1  100,  l Q 0 9  4 0  
40 READ ( 5  9 4 5 )  ( I H N ( l r J ) r M P R ( l 9 J )  r J = 7 9 Y 1  9 I L I  I S  
4 5  '=DR'IAT ( 6 1 5 9  36X 12,141 

I F  ( I L - I L 1 )  709 5 0 9  70 
57 I F  ( I S - I S l - ! ' S )  709100, 70 
7 0  CALL S L I T E  (1)  
8 3  CALL S L I T I i  ( 2 )  

102 3 C  160 I=3,'4REG 
GT) T!! 2 0 0  

I F  (1 .51- IS)  1109 110, 1 0 5  
105 IS= IS1 
113 IIFAI) ( 5  9 1 3  1 ( I I 3 N  ( I 9 J ) 9 MPR ( I 9 J 1 9 J =  1 9 6  1 9 I L 1 9 I S 1 

I F  ( I L - I L l )  8 0 ,  120, 8 0  
1 7 9  I F  (IS1-IS-YS1 80, 130,  ao 
139 I F ( : . I B (  I ) -6)  1609 160r 140 
1 4 3  ?EA9 ( 5  945 1 ( IB "J (  I 9 J 1  r!4Pli( I, J1 9 J = 7 r Y  1 9 I L 1  I S  

I F  ( I L - I L l )  7 0 ,  1 4 5 9  70 
1 4 5  I F  ( IS- IS l - ' .qSf  7 0 9  1609 7 0  
1 6 C  COrGT I iJUE 
2 0 0  IIETUFI.3 

0 0 2 0  
0010 
0 0 3 0  

0210 
92L0 
0 2  30 
0 2 4 0  
02  5U 
0 2 6 0  
3 2 7 0  
0 2 8 0  
0 2 9 0  
0 3 0 0  
0310 
d320 
0 3 3 0  
0 3 4 d  
0 3 5 0  
036U 
a37LI 
0 3 8 0  
0 3 9 0  
0 4 u o  
U410 
0 4 2 0  
0 4 3 0  
0 4 4 0  
0 4 5 0  
0 4 6 0  



C SUBROUTINE AYGRED IN ANALYSIS CODE A 0 1 a  
SUBROUTIUE AYGRED ( J r  IS,ISlrNN~NNl~A) 
DIKERSION A(21) 
Y1 = 1 
R E A D  ( 5  r l O ) ( A ( I ) ~ I = l ~ 6 ) ~  NNlr IS1 

10 FOII).4AT 16El9.01 6X 12, 141 
IF (ISl-IS-Nl) 339 209 30 

20 I F ( i . J h I l - F ' J ' J )  309 409 30 
30 CALL SLITE (1) 

40 IS = IS1 
GO TO 150 

IF (J-6)  150,150, 50 
5 0  HEAD ( 5  slO)(A(1)~1=7~12)9 NNl#ISJ. 

IF ( IS1-IS-Y1) 309 609 30 
60 IF ( P J V l - h l 4 )  30, 70 ;  30 
70  IS = I S 1  

I F  ( J -12 )  150,  1509 8 0  
80 READ (5 ,101 ( A ( I ) ~ I = l 3 ~ 1 8 ) ~ ~ ~ ~ ~ 1 ~ 1 S l  

IF(IS1-IS-Ul) 309 Y O  9 30 
9 0  IF ( \ ? ' l - ? J Y )  30, 100, 3 0  
100 IS= IS1 
110 READ ( 5  , 120 )  (A(If 9 1=19921l 9 ' d ? l 1 9  I S 1  
123 FORr"AT (3E10.01 3 6 X  I29 14) 

IF ( Isi-Is-rqi) 309  130, 30 
130 IF (1''\!1-\1\) 309 1409 30 
140 IS=IS1 
159 i i E T W I I ~ I  

END 

0 0 0 2  
003 3 
00U4 
0005  
0006 
0 u 0 7  
0 0 0 8  
0 0 0 9  
001 0 
001  1 
0012 
3013 
0014 
Ob15 
3016 
0017 
3018 
0319 
0 0 2  0 
0u2 1 
d022  
0 0 2 4  
3 0 2  5 
0026 
002 7 
0028 
0 0 2 9  
0 0 3 0  
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C SURKOUTIl'JE CRS::'I?T I N  A Y A L Y S I S  CODE A01. 
SUBliOUT I r i E  CXSY!I?T 
C0:4!10\! /CROSS[ DU'I ( 5 109  1 

?!!RITE ( 3 1 (DUV(N)+  N= 1, 5 1 0 9 )  
I? E TURN 
EPllj 

C 

0002  
0 0 0 3  
0004 
0 0 0 5  
0006  
0007  
0du8 
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SUBROUTINE BUTTER 
C ROUTINE BUTTER IN ANALYSIS CODE A01a 

COMMON /SCTAP/ IDT,  AD, BDe CD, D, X‘I YI ’L ,  W C  NR, €1, DESL, 
1 ICOL,  I C O L l g  JSENSE, KREC, KLMAX 

COVVON /WEDWIT/ I D T A l ( Z O ) #  A D A 1 ( 2 0 ) ,  B D A l ( 2 0 1 ,  C D A l ( 2 0 ) r  D A l ( 2 0 1 ,  
1 X A l ( 2 0 1 9  Y A l ( 2 0 1 9  Z A 1 ( 2 0 ) 9  W A l ( 2 0 1 9  N R A l ( 2 0 1 ,  E I A 1 ( 2 0 ) 9  D E S A l ( 2 0 )  

COMYON /CROSS/ NENEGY, ENERGY(100),  T C S ( 8 r l O O )  9 NCROS(R), 
1 E S C A f ( 8 , 2 5 ) ,  D E S ( 8 t 2 S t 2 0 )  

COPYON /JUNK/ AI A 0 ( 2 0 ) ,  A P f 2 9  AT, A T 1 ( 2 0 ) $  A T W T ( 8 ) s  Bv  8 0 ( 2 0 ) 1  
1 c, c o ( 2 0 ) ~  CLMDA, C P S ~ , ’ C P S ~ ~ ,  C R O S ~  CRSS, D E L C T ~  DISTM, 
2 DSQDI E, E 0 ( 2 0 ) 9  EGRP(201, E S I ( 8 )  9 ESUM(20) ,  E P R I N T ( 2 l ) s  

4 G P R I N T ( 2 1 ) ,  GRAD(21)g  H ( 2 ) r  HELP, IEE ,  I E I N T V s  IEMAX, IEPMAX, 
5 I E T A B ( a O ) ,  IG INTV,  IGPMAXI I H l r  I H 2 r  IHTAPE, IHEAD, ILAST,  
6 IPPMAX, IREGSCI J2NO9 JlNOB JMr, JTAPE.9 JTAPE1, JTAP,E2, JA ,  J I ,  
7 KI K1, KESC2, K G R P ( 3 t 2 0 ) r  KS, KTAPEI L1, L2, L3 ,  LBJ, LZI 
8 V A T R E G ( 5 0 ) r  PHTAPE(201,  M I G H T ( 2 0 ) s  MNO, N B l r  NDI NEL9 NG, NHTI 
9 NHIST, YOINTI NN, N R l ( 2 0 b r  NR2, NREC, NRD(51, N L I B i  NSG, PXD 

1 X l ( 2 O ) r  X 2 r  X D 1 ( 5 ) ,  XD, Y 1 ( 2 0 ) ,  Y2, YD9 Y D 1 ( 5 ) ,  2 1 ( 2 0 ) , . 2 2 e  
2 22221, 22222 ,  ZDc Z D l ( 5 ) r  D N ( 8 9 8 ) r  ISRCTP, ISRCRC, NMAT, 
3 ETMI I L O C I  B E G ( 2 0 ) r  BEGGER(20920) ,  MKREC(219 N T A P i  A W ( 2 0 ) r  
4 EYAX(201, I N L f B R ( 1 1 ) ,  I N S U P R ( 2 0 ) ,  INELEM181 
5 /GEOYl/  I B T (  7 5 1 9  AF( 7 5 1 9  Z F (  7 5 1 9  CF(  7 5 ) s  XF(  751, YF( 7 5 ) s  
6 I B N ( 5 0 , 9 ) r  MPR(50991,  N 8 ( 5 0 ) 9  EPSLI NBDI NREG 
2 /CARDC/ IS, I S 1 9  IL,  IL1, F L I B ,  N P R I N T ( 9 ) r  MS 

3 EX, j E X l ( 2 0 1 ,  ESP, F L U X ( 2 0 ~ 2 0 , 2 0 ) ,  FLUXE(20 ,20 ) ,  FSUM(819 

COMVON P P R I N T ( 5 ) e  PR’AD(51, Q ,  I Q I D 9  SI SUMS, TM(81LOO) r  W 1 ( 2 0 ) ,  

COMVON / F L X D O /  FTD, F T O D ( 1 0 0 ) v  DOSE(5,20,20)’ 
COMYON/FLU/ANHIST 
ANHIST NHIST 
DO 7 I = 195  
DO 7 J = 1 9 2 0  
DO 7 K = 1 9 2 0  

DO 8 I , =  1, 2 0  
DO 8 J = 1, 2 0  
DO 8 K = 1 9  20 

L P T l  = 1 
LPT2 = 11 
I RED=O 
REWIND 3 
I F  ( ISRCTP) 

1 0  CALL CRSRED 
M 1  = 1 
DO 2 0  KLP=1, ISRCRC 

7 D O S E ( I r J 9 K )  = 000 

8 FLUX( 1 ,  JI K 1 = 0.0 

3 0 1  309 1 4  

0002 
0 0 0 3  
0 0 0 4  
0 0 0 5  
0096 
0007 
0008 
0009 
0010 
001 1 
0 0 1 2  
0 0 1 3  
0 0 1 4  
0 0 1 5  
0 0 1 6  
0 0 1 7  
0 0 1 8  
0 0 1 9  
002 0 
0 0 2  I’ 
0022 
0 0 2 3  
0 0 2 4  
0 0 2 5  
0026 
0 0 2 7  

002 8 
0 0 2  9 
0030 
003 1 
003 2 
0 0 3 3  
0 0 3 4  
0 0 3 5  
0 0 3 6  
0 0 3 7  
0 0 3 8  
0039 

I F  I E O ( K L P )  - EGRP(M11) 15, 1 5 s  1 9  0040 
1 5  141 = $ 4 1  + 1 0 0 4  1 

C A L L  CRSRED 0 0 4 2  
IF ( I C O L )  18, 18, 1 6  0043 

16 :4RITE ~ L P T 1 ~ ~ I D ~ A 1 ~ I ~ ~ A D A 1 ~ I ~ ~ B D A l ~ I ~ ~ C D A l ~ I ~ ~ D A l ~ I ~ ~ X A l ~ I ~ ~  Y A 1 (  0 0 4 4  
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LI), Z A l ( I ) r  W A l ( 1 ) r  N R A l ( I ) r E I A l ( I ) ~ D E S A l ~ I ) ~  I t 1 9  I C O L  1 
YREC = KREC +1 
REWIND L P T l  

1 8  I C O L 1 = I C O L  - 

I C O L = O  
KLYAX=KREC 
KREC=O 
C A L L  WEED ( M 1  sLPT1  r L P T 2  t 
I F (  IRED)  19 ,  199  2 1  

1 9  CALL CHEEZE (KLPsM1,LPT l )  
20  CONTINUE 
2 1  I F ( w l - N S G )  2 2 1  1000 ,  1000 
2 2  I R E D = l  

3 0  K1=0  

GO TO 15  
C -----READ F I R S T  RECORD OF F IRST HISTORY TAPE. 

I X  = 1 0  
REWIND I X  
READ ( I X I Y R E C ,  NMIST, NGI IHTAPE, I L A S T  

DO 5 0  I=l, QHT 
I F  ( IHTAPE-MIGHT( I )  1 509  40 ,  50 

C -----VERIFY TAPE PUT ON UNIT  1x0  

4 0  K l = l  
MIGHT(  I ) = O  
II=I 
GO TO 6 0  

50 II=I 
C ---_- ERROR I F  h‘IiOrJG TAPE PUT ON TAPE UNIT. 

6 0  I F  ( K 1 )  8 0 1  8 0 ,  7 0  
70 IF ( I H T A P E - V H T A P E ( I 1 ) )  8 0 ,  100 ,  80 
8 0  WRITE ( 6 , 9 0 ) H ( l ) r  H ( 2 ) r  IHTAPE, H ( l ) r  H ( 2 1 ,  M H T A P E I I I )  
9 0  FORMAT (14HOTAPE LABELED 9 A 6 9 A 3 r X 4 r 3 6 H  WAS LOADEO INSTEAD OF TAPE 

1 LABELED ,A6,A3114~19H.  PROBLEM STOPPED. 1 
CALL E X I T  

C ----- RESET REG ArVD KGRP. 
1 0 0  DO 110 ‘ l l = l s  20 

BEG(h11) = B E G G E R ( I I I M 1 )  
DO 1 1 0  Y 2 = l r  3 

110 KGRP(F422,Yl) = 0 
C ----- DETERMINE WOOOF RECORDS(NH1) AND NO. OF LoRECoCOL.(NHP)o 

RSU:4 = 0.0 
r>iHP = o  
P1H1 = 7 9 9 9  
I F ( I I - Y H T )  130,  1 2 0 9  120 

1 2 0  YH1 = MKREC(1) - 1 
1 3 0  C A L L  RECORD (NSGI NH1, B E G ( 1 ) ,  K G R P ( l t 1 ) )  

I F ( I 1 - N H T )  160 ,  1 4 0 9  1 4 0  
1 4 0  I F  (MKREC(Z) -20 )  150,  1609 1 6 0  
1 5 0  NH1 = NH1 - 1 

NHP = MKRECt2) 

0 0 4 5  
0 0 4 6  
0 0 4 7  
0 0 4 8  
0 0 4 9  
0 0 5 0  
005  1 
0052 
0 0 5 3  
0 0 5 4  
0055 
0 0 5 6  
0 0 5  7 
0 0 5 8  
0 0 5 9  
0 0 6 0  
0061 
0 0 6  2 
0 0 6 3  
0 0 6 4  
0 0 6 5  
0 0 6 6  
0 0 6 7  
0 0 6  8 
0 0 6 9  
0 0 7 0  
0 0 7 1  
0Q72 
0 0 7 3  
0 0 7 4  
0 0 7 5  
0 0 7 6  
0 0 7  7 
0 0 7 8  
0 0 7 9  
0 0 8 0  
0 0 8  1 
0 0 8 2  
0 0 8 3  
0 0 8 4  
0 0 8 5  
0 0 8 6  
0 0 8 7  
0 0 8 8  
0 0 8 9  
0 0 9 0  
0 0 9  1 
0092 
0 0 9 3  
0 0 9 4  
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0 0 9 5  
0 0 9 6  
0097 
0 0 9 8  
0 0 9 9  
0100 
0101 
0102 
0103 
0104 
0105 
0 1 0 6  
0107 
OfOB 
0 1 0 9  
0 1 1 0  
3111 

d115 
u114 
0 1 1 5  
0116 
0 1 1 7  
0118 
011y 
3120 
3 1 2 1  
9122 
3 1 2 3  
u114 
3 1 2 5  
u 1 2 6  
O l L ?  
0 1 2 d  
d 1 2 3  
U l j : )  
u 1 3 1  
3 1 3 2  
11135 
0 1 3 4  
U 1 3 5  
d13G 
9 1 3 7  
6133 
0139 
0 1 4 0  
0 1 4 1  
0 1 4 2  
0 1 4 3  
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KREC = 0 
C A L L  >!EED (Y lSLPT1,LPTZ 1 
I F (  IRED)  2 9 0 s  290,  3 6 1  

7 9 9  C A L L  CHEEZE ( K L P 9 W l r L P T 1 1  
301) COYTIUUE 

3 1 0  I F (  NHP 1 330s 3 3 0 ,  320  
C ---e- READ PART I A L  IIECORD. 

3 2 0  I 2 0  = NtiP 
‘IHP = 0 
V H l  = 1 
GO T O  2 1 0  

DO 3 5 0  I = 1 9  NHT 
I F (  ‘4IGHT( I )  1 3 5 0 9  3 5 0 9  3 4 0 ’  

3 3 0  CALL S L I T E  ( 0 1 

340 C A L L  S L I T E  ( 1 1 
F I  = VIGHT(  I )  
f i j I G t i T ( I 1  = 0 
GO T O  3 6 0  

3 5 0  CONT I Y U t  
3 6 0  CALL SLITET(1,KOOOFX ) 

3 6 1  IF( ”1 -NSG 1 3 6 2 9  1000 ,  1000 
3 6 2  IRED = 1 

3 7 0  IX = 4 

GO T O  ( 3 7 0 9  1 O O C ) I  rKOQOFX 

GO TO 2 1 5  

Q E W I P l D  I X  
r l E A D (  I X  1 NREC, VHIST,  NG, IHTAPE, ILAST 
GO T O  7 0  

END 
1 0 0 0  RETURN 

0 144  
0 1 4 5  
0 1 4 6  
0 1 4 7  

0 1 4 9  
0150 
015  1 
0 1 5 2  
3153 
0 1 5 4  
0 1 5 5  
0 1 5 6  
0 1 5 7  

0 1 5 9  
0161) 
0161 
0162  
0 1 6 3  
0 164 
0165 
0 166 
0 1 6 7  
(3168 
0169 
0 1 7 0  
0 1 7 1  
0 1 7 2  
0 1 7 3  

0 1 4 8  

0158 
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C SUBROUTINE RECORD I N  CODES A 0 1  AND A 0 2 9  WHICH CALCULATIONS K G R G ( I 9 J )  
SUBROUTINE RECORD (IVSG, LATJ1,  BEG9 KGRG) 
DIMENSION B E G ( 2 0 ) r  KGRG(3920)  

C 
C 1 x 1  -- NUMBER OF COLLISIONS FOR SUPERGROUP J ON F I R S T  RECORD 
C 1=2 0- NUMBER OF FULL RECORDS FOR SUPERGROUP J 
C I = 3  -0 NUYBER OF COLLISIONS FOR SUPERGROUP J ON LAST RECORD 
C 

BJ = 0.0 
DO- 100 J=l,  NSG 
I F  (BEG(J) - .6 )  1009 1009 10 

10 I F  ( R J  - B E G ( J ) )  309 2 0 9  20 
2 0  KGRG(19J)  = R E G ( J )  

K G R C ( 2 r J )  = 0 
K G R G ( 3 r J )  = 0 
F 1  = KGRG(1,J) 
BJ = B J  - F 1  
GO T O  100 

3 0  KGRG(19J)  = R J  
K G R G ( 2 9 J )  = ( B E G ( J ) - E J ) / 2 0 . O  
F 1  = K G R G ( 2 t J )  
K G R G ( 3 r J )  = R E G ( J )  - R J  - 2 0 0 0 * F 1  
B J  = 2 0  - KGRG(39J)  
I F  ( E J  - 20.0) 1009 4 0 ,  40 

4 0  BJ = 0.0 
100 CONTINUE 

KSUM = 0 
K 1  = 0 
DO 2 0 0  J = l ,  NSG 
I F  ( B E G ( J ) - * 6 )  2 0 0 ,  2 0 0 9  110 

I F  ( K G R G ( 3 s J ) )  2 0 0 9  2 0 0 9  1 2 0  
1 1 0  KSUP = KSUY + KGRG(2,J) 

1 2 0  KSUIlt = KSUY + 1 
2 0 0  CONTINUE 

I F  ( L A T J 1  - KSUM) 2109 3 0 0 9  210 
210 JHTAPE = JHTAPE + 10000 

W K I T E ( 6 9 2 2 0 )  JHTAPE 
2 2 0  FORFJAT (85HOTHERE IS AN INCONSISTENCY BETWEEN THE NUMBER OF RECORD 

1s ON TAPE T O  BE LABELED SORTED914 / 4 1 H  AND THE NUMBER OF ENTRIES 
ZPER SUPERGROUP) 

CALL E X I T  

END 
300 RETURN 

0 0 0 2  
0 0 0 3  
0004 
0 0 0 5  
0006 
0 0 0 7  
0008 
0 0 0 9  
0 0 1 0  
001  1 
0012 
0 0 1 3  
0014 
0015 
0 0 1 6  
0017 
0 0 1 8  
0 0 1 9  
002 0 
002 1 
0022  
0 0 2  3 
0 0 2 4  
0 0 2 5  
0026 
0 0 2  7 
0 0 2 8  
0 0 2 9  
0 0 3 0  
0 0 3  1 
0 0 3  2 
0 0 3 3  
0 0 3 4  
0 0 3 5  
0 0 3 4  
0 0 3 7  
0 0 3 8  
0 0 3 9  
0 0 4 0  
004 L 
0 0 4 2  
0 0 4 3  
0 0 4 4  
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0008 
0 0 0 9  
0010 
001 1 
0 0 1 2  
0013 
0 0 1 4  
0 0 1 5  
0016 
9 0 1 7  
3') 1 Y 
0519 
eo2  3 
602 1 
d O L Z  
0 3 2 3  
U024 
002  5 
3516 
d 3 L  7 
002 8 
002  9 
903 0 
0 0 3 1  
9332 
0 0 3 3  
0 3 3 4  
;Io3 5 
0 I) 3 6 
0 3 3 7  
J 0 3 9 
0 0 3 9  
u040 
OU4 1 
3 0 4 2  
d043 
0 0 4 4  
3 0 4 5  
0d46 
g047 

004  u 
0 0 4 9  
0 0 5 0  
9 0 5 1  
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S=D I ST'4 
I F  (JSENSE) 5 8 0 s  5809 5 6 0  

5 6 0  WHITE ( 6 r 5 7 0 ) I D T ~  N R D ( I D T ) ,  NR, J1, SI SUMS, 0 
5 7 0  FORVAT (5HOIDT=, I2 ,  10H i t R D ( I D T ) = r I 3 ,  4H  N R = r I 3 ,  4H J l = t I 3 /  

5 8 0  I F  (J1) 5859  5 8 5 s  5 9 0  
5 8 5  WRITE 16,588) 
5 8 8  FORYAT (62HOPROGRAM E X I T S  FROM DO 5 5 0  WITH J1 LESS THAN OR EQUAL 

13H S=,E l le4 ,  6H SUMS=,E11*4, 3H D = , E l l * 4 )  

1 T 0  ZERO) 
- G O  TO 6 2 5  

5 9 0  NB1= I A B S ( I B N ( N R t J 1 ) )  
N R ~ = ~ ~ P R ( N H I J ~ )  

600 YNO = MATREC(NR1 
I F ( N R = N R 3 ( 1 D T ) I  6 4 0 9  6 1 0 1  6 4 0  

6 1 0  I F ( S+SUMS-D 1 615 ,  620, 6 2 0  
6 1  5 SUtIS=SUMS+S 

6 2 0  S=D - SUVS 
GO TO 6 5 3  

s UM s = s u t4s+ s 
I F ( A B S ( D - S U Y S ) - * O O l )  6 3 0 9  630,  6 2 5  

6 2 5  WRITE ( 6 9 6 2 6 )  
6 2 6  FORMAT ( 55HOTHE DISTANCE EQUATIONS I N  ROUTINE A1A2 ARE I N  ERROR 

1.) 
WRITE ( 6 , 5 7 0 ) I D T v  N R D ( I D T ) ,  NR, J l r  5, SUMS9 D 
'DSQD = 0.0 
GO TO 1 9 0 0  

ESP=ESP+S*CROS 
I F  (JSENSE) 1900 ,  1 9 0 0 9  6 3 3  

6 3 0  C A L L  I N T E R P ( E 1 ~ Y N O ~ C R O S )  

6 3 3  W R I T E  ( 6 ~ 6 3 5 ) E S P v  S, CROSI D 
6 3 5  FORwAT ( 5HOESP=,El lo4,  3H S=,E11.4, 6H C R O S = t E l l r 4 r  3H D = , E l l * 4 )  

GO TO 1 9 0 0  
SUMS = S U FdIS + S 
I F ( 0-SUYS 1 625, 625 ,  6 5 0  

6 4 0 

6 5 0  C A L L  INTERP(EI,YNO,CROS) 
ESP=ESP+S*CROS 
X=X+A*S 
Y=Y+B*S 
z = z + c * s  
I F  (JSENSE)  7009 7 0 0 ,  6 6 0  

66C WRITE (6,67O)KESCZ,NR3, NREG, NUB, NB1, X 9 Y I Z s NR, I B T ( N B 1 )  
l r  AF(Nf311, Z F ( N B 1 ) r  C F ( N B 1 ) g  NBINR) ,  I B N ( N R p J 1 )  

6 7 0  FORGAT ( 7 H O K E S C 2 = r I 3 r  6H NR3=9139 7H NREG=r I3 ,  6H NUB=,I3r 
1 6H Y B l = r I 4 r  5H X 2 = 9 E l l 0 4 ,  5H Y 2 = 9 E l l a 4 r  5H Z Z = t E l l m 4 /  
2 5H 4R=,I3,  11H I B T ( N B l ) = , I 2 ,  10H A F ( N B l ) = r E l l ' * 4 r  
3 1 0 H  Z F ( Y B l ) = , E I l e 4 ,  10H C F ( N B l ) = r E 1 1 . 4 /  9H NB(NR)=9129  
4 13H I H N ( N R , J l ) = r I 3 )  

7 0 0  C A L L  DF7 (N9,X,Y,Z,~UlrNR3,KESC2) 
GO T O  4 6 5  

005  2 
0 0 5 3  
0 0 5 4  
0 0 5 5  
0 0 5 6  
0 0 5 7  
0 0 5 8  
0 0 5 9  
0 0 6 0  
0 0 6  1 
0 0 6 2  
0 0 6 3  
0 0 6 4  
0 0 6 5  
0 0 6 6  
0 0 6 7  
0 0 6 8  
0 0 6 9  
0 0 7 0  
007 1 
0 0 7 2  
0 0 7 3  
0 0 7 4  
0 0 7 5  
0 0 7 6  
0077 
0 0 7 8  
0 0 7 9  
008 0 
008 1 
0082 
0083 
0 0 8 4  
0 0 8  5 
0 0 8 6  
008 7 
0088 
0 0 8 9  
0090 
0 0 9 1  
0092  
0 0 9 3  
0 0 9 4  
0 0 9  5 
0 0 9 6  
0 0 9 7  
009 8 
0 0 9 9  
0100 

1 9 0 0  RETURN 0101 
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C SUBROUTINE CHEEZE IN ANALY'SIS CODE A010 
SUBROUTINE CHEEZEIK2,MZrLAZY) 
COMMON /SCTAP7 IDTr AD, BDr 'CD, De X ,  Yr 2 ,  W I  NR, E19 DESL, 
1 ICOL, ICOL1, JSENSEr KREC, KLMAX 
COMVON /WEDWIT/ IDTkl(2Q)r AOA1(20)9 BDAl(2O)S CDAl(20)( DAl(2019 
1 XAl(201, YAl(2011 ZAl(20)r WA1(20), NRAl(2O)s E-IAl(20)r DESAl(20) 
COh.1YON /CROSS/ NENECY, ENERGY(100) 9 TCS('8rl00) 9 NCROS(819 
1 ESCAT(89251, DES(8+25r20) 
COYMON /JUNK/ Ar A0(20), AP129 AT, AT1(20), ATWT(B)r Be BO(20)r 
1 C, C0(20)9 CCMDAr CPSIr' CPS12r CROSS CRSS, DELCTi OISTMr 
2 DSQD9 Er EO(20)r EGRP(20)r ESI(8)r ESUM(20)r EPRINT(21)r 
3 EX, EX1(20), ESP9 FLUX(20t20r20)~ FLUXE(20r20)r FSUM(8)p 
4 GPRIhlT(2l)r CRAD(211, H(2)t HELP9 IEEr IEINTVr IEMAXr IEPMAX, 
5 IETAB(20)r IGINTVI IGPMAXI IH1, IH2r IHTAPEr IHEAD, ILAST, 
6 IPP'4AXr IREGSCI J2r\10, JlNOr JMI 'JTAPE, JTAPElr JTAPE2r JAr JII 
7 Kr K1r KESC2r KGRP(3r20)r KS9 KTAPE, L1r L2r L3r LBJ, LZ, 
8 MATREG(50) r MMTAPE(20) r MIGHT(2OI 9 MNOr NBlr NDc NELr NG,, NHTr 
9 NHISTI YOIYTr N N r  NRl(20)r NR2r NREC? NRD(5)r NLIB, NSGr PID 

1 Xl(2O)r X2r XD1(5), XDr Yl(ZO)r Y2, YO, YD1(5)9 21(20)r 2 2 9  
2 22221, 222229 ZDr 201(5)1 DN(898)r ISRCTPr ISRCRCI NMATi 
3 ETM, ILOCr REG(2O)r BEGGER(20r2019 MKREC(21, NTAPI AW(20)r 
4 EMAX(20)r INLIBR(11)r INSUPR(20)r INELEM(8) 
5 /CEOYl/ IBT( 751, AF( 75)r ZF( 7519 CF( 7519 XF( 751, YF( 75)s 
6 IBN(5099) r MPR(5099) 9 NB(50) r EPSL, ~ N B D I  NREG 
2 /CARDC/ IS9 ISlr ILI ILlr FLIBr NPRINT(4)r MS 

COYVON PPRINT(5)r PRAD(519 Q r  IQID, Sr SUMS9 TM(BrL00)r Wl(201r 

LPTl = LAZY 
K = K Z  
KS=MZ 
CALL SLITE ( 0 )  

280 DO 600 IDT = 1, ND 
X =: X l  ( K )  
Y = Y1 ( K )  
2 = 21 (K) 
A = A 0  (K) 
B = BO ( K )  
C = CO (K) 
E = E3 (Kl 
AT=Ak! (K) 
W = W1 IK) 
FIR = XRl(Y) 
EX = EXl(K) 
XD = XDl(1DT) 
YD = YDltIDT) 
ZD = ZDl(1DT) 
IF (JSENSE) 289r 2899 285 

285 !$RITE (6r287)Xr Yr Z, A9 Br C 
287 FOR??IAT (6E19.3) 

>!RITE (6r287lXDr YDr ZDr Er ATP 'd. 
VJIIIITE (6128A)NRr EX 

0002 
0003 
0 0 0 4  
0005  
0006 
0007 

0009 
0010 
DOL 1 
0012 
0 0 1 3  
0014 
0015 
0016 
0017 
0018 
0019 
0 0 2 0  
0021 
0 0 2 2  
0 0 2 3  
0 0 2 4  
0 0 2  5 
0 0 2 6  
0027 
0028 
0 0 2  9 
003 0 
003 1 
0032 
0033 
0 0 3 4  
0035 
0036 
0 0 3 7  
0035 
0039 
0u40 
004 1 
0042 
0 0 4 3  
0044 
0045 
0046 
0047 
0 0 4 8  
0 0 4 9  
0050 
005 1 

oooa 
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0 0 5 2  
0 0 5 3  
0 0 5 4  
0 0 5 5  
0056 
0 0 5 7  
0 0 5 8  
0 0 5 9  
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C SUDI?OUT I NE UESCAL I Y  ANALYSIS CODE A 0 1 0  0 0 0 2  
SUBROUTIlVE DESCAL 0 0 0 3  
COYVON /SCTAP/ I D T ,  AD, BDt CD9 U, X, Y, 21 W, NR, E19 DESL, 0 0 0 4  

1 I C O L r  I C O L l r  JSENSE, KREC, KLhllAX 0005 
CQYI'~~OI\J /'NEDWIT/ I D T A l (  2 0  1 9 ADA1 (20 1 9 B D A l (  20 1 9 C D A l (  20 1 9 D A l  ( 2 0  1 9 0006 

1 X A l ( 2 O ) r  Y A 1 ( 2 0 ) ,  Z A 1 ( 2 0 ) ,  W A l ( 2 0 ) g  N R A l ( 2 0 ) r  E I A l ( 2 0 ) r  D E S A l ( 2 0 )  0007 
0 0 0 8  
0 0 0 9  
0010 
0 0 1  1 
0 0 1 2  
0 0 1 3  
0 0 1 4  
0 9 1 5  
0 0 1 6  
0017 
001 8 
9 0 1 9  
0 0 2 0  
002 1 
0 0 2  2 
0 0 2 3  
0 0 2 4  
0025  
0 0 2 6  
0 0 2  7 
0 0 2 8  
0 0 2 9  
0 0 3 0  
0 0 3  L 
0 0 3 2  
0 0 3 3  
0 0 3 4  
0 0 3 5  
0036 
0 0 3 7  
0 0 3 8  
0 0 3 9  
0 0 4 0  
0 0 4  L 
0 0 4 2  
0 0 4 3  
0 0 4 4  
0 0 4 5  
0 0 4 6  
0 0 4 7  
0 0 4 8  

C R S S = 0 0 7 5 * ( ( 1 2 / Q * * 3 ) * (  ( 2 5 * Z Z / 2 3 ) - Z 4 )  + 2 4 / 2 5  - ( 1 0 0 + 3 * 0 * W ) / 2 3 * * 2 )  0049 
DESL= (P+P**3-(P+*Z)*(SIN(ARCOS (CPS1))**2))*(0059683103/CRSS) 0050 

TO 3 5 0  005 1 
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1 3 0  IF ( A T - 1 0 5 )  1409 160, 160 
1 4 0  I F  ( C P S I - e O O l )  3 4 5 9  3 4 5 9  1 5 0  
1 5 0  CLYOA = 2.0 * CPSI  * C P S I  1.0 

E 1  = E * C P S I  * C P S I  

GO T O  3 5 0  

IF ( E X )  171, 171, 1 7 0  

IF (E-EC) 171, 1719 172 

SBET = 100 

DESL= e 3 1 8 3 0 9 8 9  * C P S I  

1 6 0  C P S I 2  = CPSI**Z 

170 EC = (AT+l.O)*EX/AT 

171 B E T  = 1.0 

GO T O  1 7 3  

SRET = S 3 R T ( B E T )  
172 '3ET = 100 - EC/E 

173 CL'4DA = (CPS12~1.O+CPSI*SQRT(CPSI2-l.O+E3ET*(AT)**Z~ ) I  I 
lAT*SBET 1 

E 1  = ( ( 1 . 0 + 2 0 0 * A T * S B E T * C L ~ l D A + ~ E T * ( A T ) * * Z ) / ( A T + 1 . 0 ) * * 2  ) * E 
I F  ( E X )  176, 176, 174 

171t I F  ( 3 E T - 1 . 0 )  175, 2209  220 
175 AEC = A T / S W T ( E / ( E - E C )  

176 DO 18rl I A = l r Y E L  
GO TO 225 

I F  ( A B S ( A T ~ T ( I A ) - A T ) - 0 . 5 )  2 0 0 ,  2 0 3 ,  180 
180 COI\ITINUE 

>!RITE( 6,190 1 
1 9 0  FOR'JAT (hlHOTI-IE ATO'IIC WEIGHT A T  I S  NOT ONE SUPPLIED I N  THE A T d T  F i  

1 A T R I X .  1 
C A L L  E X I T  

I F  ( E - E S I ( J A ) )  229, 220,  230 
200 J A  = IA 

220 AEC = A: 
225 HELP = -379577471 

GO T O  343 
2 3 0  1E"AX = 'ICROS( J A )  

I33 251 IE=1,1Eb4AX 
I F  ( E S C A T ( J A , I E ) - E )  2 4 0 ,  2409 250 

GO T O  269 
249 IFlE = I E  

250 CO''TI>{Uk 
26(? 93 2e.q LA = 1919 

279 L P J  = L A  

2 3 9  CO'!TIP!UE 

I F  (DES ( J A r I E p L A ) - C L ' I L ) A )  279, 2709 280 

GO T O  3 0 9  

27 ' )  2ELCT = ARS(1.'3+DES ( J A , I E I ~ F ) )  1 

31:) I F ( L Y J - 1 )  310s 310, 3 2 0  
319 :;FLCT = AUS(1.0-DES ( J A I I E 9 1 ) )  

5 G  T O  3 3 3  

50 T O  330 

0052 
0 0 5 3  
0054 
0 0 5  5 
0056 
0057 
0 0 5 8  
0059 
U060 
006 1 
0062 
0063 
0064 
0365 
0066 
0067 
0068 
0 0 6 9  
u070 
0071 
9072 
0 9 7 3  
0074 
0075 
0376 
0377 

0079 
008 3 
00,J 1 
0 9 8 2  
0 0 8 3  
00d4 
0985  
01186 
U O d  7 

00b9 
0'390 
0'39 1 
00v2 
0093 
0uy4 
0095 
0096 
009 7 
00Y 8 
0099 
O l i l r 3  
0101 

0078 

uada 
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320 DELCT = ABS(DES (JA,IE*LBJ)-DES (JA , IE ,LBJ- l ) )  
330 HELP = .337957747/DELCT 

AEC = A T  
340 DESL = HELP * SQRT(AEC**2+2aO*AEC*CLMDA+le0)**3 / ( 

345 CALL  'SLITE (1) 

lIAEC**Z)*ABS(AEC+CLYDA) 1 
GO TO 350 

350  IF (JSEX5E) 6009 6009 360 
360 blRITE ( 6 , 3 7 0 ) X i  XDI A, AD, Q ,  CPSIr  CHSS, DSUDs Y t  YDI Be BD, D V  

370 FORYAT (3HOX=,E10.3, 4H XD=tE10.31 3H A=,E10.3, 4H AD-~E10.31 
1 EX, DESL,.DELCT, 21  ZD; CI CDI EI € 1 1  CLMDAI HELP 

1 3H Q = ,  E10.3, 6H CPSI=,ti10.3, 7H CRSS =,E10.317H DSOD =,ElO.3/ 
2 3Y Y = r  E10.3, 4H YO=, E10.3, 3H 8-9 E10.39 4H BD=I E10.3~3H D=* 
3 E10.3, 6H EX =, E10.39 7H DESL = (  E10.39 7H DELCTZ, E10.3 / 
4 3H Z = r  E10.39 4H ZD=, E10.39 3H C=, E10.39 4H CD=I E10.3, 3H E=* 
5 E10.3, 6H E1 = )  E10.3, 7H CLMDA=t E10.3, 7H HELP = t E 1 0 * 3  1 

600 RETURN 
END 

0102  
0103 
0104  
0105  
0106  
0107  
0108 
0109  
0110  
0111 
0112 
0113 
0 1 1 4  
0115  
0116  
0117 
,0118 
0119  
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C SUBROUTINE 

1 ICOL, ICOL 

1 X A l ( 2 0 ) r  Y A l ( 2 0 1 9  Z A 1 ( 2 0 ) ,  W A 1 ( 2 0 ) ,  N R A l ( 2 0 ) r  20) 0007 

1 ESCAT(8 ,25) ,  D E S ( 8 r 2 5 r 2 0 1  

COYYO\! /WEDWIT/ I D T A l (  2 0 )  9 ADA1 ( 2 0  1 9 t3DAl 

COV'40N /CROSS/ NENEGY 9 ENERGY ( 100 ) I TCS ( 8 9 100 1 9 

2 DSQD, E r  E O ( 2 0 ) t  EGIIP(201,  
3 EX, E X l ( 2 0 ) r  ESP, F L U X ( 2 0 , 2 0 , 2 0 ) r  F L U X E ( 2 0 9 2 0 ) r  F S U M ( 8 ) r  
4 G P R I N T ( 2 1 ) ,  GRAD(21)  r H ( 2 )  9 HELP, IEEI  I E I N T V ,  IEMAX, IEPI"lAX9 
5 I E T A B ( 2 0 ) r  IGII'dTV, IGPMAXt I H 1 r '  I H 2 r  IHTAPE, IHEADI ILASTI  
6 IPPEsAX, IREGSC, J2RI09 J l N O ,  JhI, JTAPE, J T A P E l r  JTAPE2r  J A I  J l r  
7 K r  K1, KESC2, KGRP(3,20!, KSr KTAPE, L l ,  L 2 r  L 3 ,  LBJ,  L Z r  
8 r lATREG(50)  9 !.!HTAPE120) 9 V I G H T ( 2 0 )  9 MNO, N B l r  NO, NEL9 b!Ge NHT+ 
9 NHIST, NOINT, N N I  ' d R l ( 2 0 ) r  NR29 NREC, NRD(519 N L I B r  NSG, P I D  

1 X l ( 2 0 ) r  X 2 r  Xc)1(51,  XDr Y l ( 2 0 1 1  Y2, YDr Y D 1 ( 5 ) ,  2 1 ( 2 0 ) 9  Z 2 r  
2 ZZZZ1, Z Z Z Z 2 r  ZDr Z D l ( 5 ) r  DN(8 ,8 ) ,  ISRCTP, ISRCRCI NMATI 
3 ETF.?+ ILOC, REG(201,  HEGGER(20,20), Y K I I E C ( ~ ) S  NTAPI A W ( 2 0 ) ,  
4 EdVAX(20)r  I N L I U R ( l l ) ,  I N S U P R ( L O ) ,  I N E L E M ( 8 )  
5 /GEOx11/ I B T (  7 5 1 9  A F (  7 5 1 9  Z F (  7 5 1 9  CF( 7 5 1 9  XF(  7 5 1 1  Y F (  7 5 1 9  
6 I B N ( 5 0 9 9 )  r Y P R ( 5 0 9 9 )  9 K B ( 5 0 1  9 EPSL, N B D r  NREG 
2 /CARDC/ I S ,  I S 1 9  I L s  I L l r  F L I B ,  N P K I N T ( 9 ) p  rV,S 

COY'.lON P P R I N T ( 5 )  9 P R A D ( 5 ) s  0 ,  I Q I D r  S v  SUMS, TPr(8rI.0019 1d1(201, 

COMMON /FLXDO/ FTDr  F T O D ( 1 0 0 ) r  D O S E ( 5 r 2 0 9 2 0 )  
COMVON / FLU/ ANH I S T 
L P T l = L A Z Y  
KS=KSS 
I DT=K.DDT 
A. = AD 
E3 = BD 
C = CD 

290 I F  l E I - E G R P ( K S ) )  2 9 2 9  3 1 0 9  310 
2 9 2  I F  (JSENSE)  3009 300,  2 9 5  
2 9 5  WRITE ( 6 r 2 9 6 ) I C O L  
2 9 6  FORVAT ( 6 H O I C O L = r I 3 )  
3 0 0  CALL M I T E  ( L P T 1 )  

3 1 0  ESP = 0 
'GO T O  600 

S U ~ S = O  
I F  (JSENSE) 1 3 1 5 9  315,  3 1 2  

3 1 2  ! * / I ITE  ( 6 9 3 1 3 1 x 9  Y r  2, A i  Br C, KS,  I D T t  E 1  
3 1 3  FORYAT (3HOX=,E l lm4r  3H Y = r E 1 1 * 4 r  3H Z = r E 1 1 * 4 /  

1 3H A - r E l l . 4 ,  3 H  R = r E l l * 4 , 3 H  C=,E l1*4 /  
2 4H K S = r I 2 r  5H IDT=rIZr 4H E I = r E l l * 4 )  

3 1 5  CALL A l A Z ( K S , I D T )  

3 1 4  F = W * DESL+ EXPI-ESP I /  DSQD 
I F  (DSQD) 600s 600, 3 1 4  

0008  
0 0 0 9  
0010 
001 1 
0 0 1 2  
0 0 1 3  
0014 
0015 
0 0 1 6  
0 0 1 7  
0018 
0 0 1 9  
0020 
0 0 2  1 
0022 
0 0 2 3  
0 0 2 4  
0 0 2  5 
0 0 2 6  
0 0 2 7  

0 0 2 8  
0 0 2 9  
0030 
0 0 3 1  
0032 
0 0 3 3  
0 0 3 4  
0 0 3 5  
0 0 3 6  
0 0 3 7  
0 0 3 8  
0 0 3 9  
0 0 4 0  
004 1 
0 0 4 2  
0 0 4 3  
0044 
0 0 4 5  
0 0 4 6  
0047 
0 0 4 8  
0049 
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316 
317 

1 

320, 3603 '390 
3309 340, 350 

3701 430, 380 

400, 410, 420 

IF (JSENSE) 319, 319s 316 
WRITE (6,317)Ws DESLs ESP, DSQD 
FORMAT (3HOW=,Ello4, 6H DESL=,Ello4, 6H ESP =*Ello4, 6H DSOD=,Ello 
4) 

IF(SPHI-oO001) 323, 322, 322 
319 SPHI = SQRT(loO-CD**Z) 

322 CPHI = AD /SPHI 
SPHI = BD ISPHI 
XSP, = ABS (SPHI 1 
fF(XSP-100) 321, 325, 325 

GO TO 324 

GO TO 324 

324 IF (CPHI) 
320 IF (SPHI) 
330 P1=200 

GO TO 430 
340 P1=200 

321PHI = ARSIN(XSP1 

325 PHI= 1.5707963 

323 SPHI 0.0 

PHI =0. 0 
GO TO 430 

GO TO 430 
360 IF (SPHI) 
370 Pla3.0 

PHI = 0.0 

350 P1=100 

GO TO 430 
380 Pl=l.O 

PHI 000 
GO TO 430 

39a I F  (SPHI) 
400 P1=3.0 

410 P1=0.0 
GO TO 430 

PHI=O.O 
G O  TO 430 

420 P1=0.0 
430 PHI = PHI + P1*105707963 

IPHID = IPPMAX 
DO 431 J = 2,IPPMAX 
IF(PH1 - PRAD(J)) 432, 432, 431 

431 CONTINUE 
432 IPHID = J - 1 
435 WRITE (6r436)IPHIO 

IF (IPHID - IPPMAX) 438, 4359 435 

436 FORYAT (55HOONE OF THE FLUX SUBSCRIPTS IS TOO LARGE. SUBSCRIPT-= 
1912) 
CALL EXIT 

438 IPHID = IPHID + 4 * (IDT = 1) 

0050 
005 1 
0052 
0053 
0054 
0 0 5 5  
0056 
0057 
0058 
0059 
0060 
006 1 
0062 
006 3 
0064 
0065 
0066 
0067 
006 8 
0069 
'0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
008 0 
008 1 
0082 
0083 
0084 
008 5 
0086 
0087 
0088 
0089 
0 0 9 0  
009 1 
0092 
0 0 9 3  
0094 
0 0 9 5  
0096 
0097 
009 8 
0099 
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0100 
0101 
0102 
0103 
0104 
0105 
0106 
0197 
0108 
0109 
9110 
0111 
a 1  12 
0 1 1 3  
0114 
9115 
0116 

0117 
Ollt! 
0119 
0120 
012 1 

0 1 2 2  
0123 
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0002 
0 0 0 3  
0 0 0 4  
0 0 0 5  
0 0 0 6  
0007 
0 0 0 8  
0 0 0 9  
0 0 1 0  
901 1 
0012 
0013 
0 0 1 4  
0 0 1 5  
0 0 1 6  
0017 
0018 
0019 
002 0 
002 L 
0022 
0023 
0 0 2 4  
0 0 2 5  
0026 
0027 
002 8 
0029 
0 0 3 0  
0 0 3  1 
0 0 3 2  
0 0 3 3  
0 0 3 4  
0 0 3 5  
0 0 3 6  
0 0 3 7  
003 8 
0 0 3 9  
0 0 4 0  
0 0 4  1 
0042 
0 0 4 3  
U044 
0 0 4 5  
0046 
0047 
0 0 4 8  
0 0 4 9  
0 0 5 0  
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C SUBROUTINE WITE IN ANALYSIS CODE A 0 1 .  
SUBROUTINE WITE (LAZY) 
COMMON /SCTAP/ IDT, AD, BD, CD, D, x, Y, z9 w 9  NR; EI, DESL~ 
1 ICOLI ICOLL, JSENSE, KREC, KLYAX 

COMMOrU /WEDWIT/ IDTAl(201, ADA1(20), BDA1(20), CDAl(20), DAL(2019 
1 XAl(2019 YA1(20), ZA1(20), WAl(20)e NRAl(ZO19 EIA1(20), DESAl(2O) 
LPTl = LAZY 
ICOL = ICOL + 1 
IDT Al(1COL) = IDT. 
AD Al(1COL) = AD 
BD Al(1COL) = BD 
CT) Al(1COL) = CD 
9 Al(1COL) = D 
X Al(1COL) = X 
Y Al(1COL) = Y 
Z AlIICOL) = Z 
:V Al( ICOL) = b! 
" ' R  Al( 1Cr)L) = NR 
E1 Al(1CI)L) = E1 
DES Al(IC0L) = DESL 
IF (JSE'4SE) 15, 159 5 ,  

5 lI[-?ITE (6rl@)ICOL, IDTAl(ICOL), ADAl(ICOL), UDAl(ICOL)* CDAl(ICOL), 
1 DAl(ICOL), XAl(ICOL), YAl(ICOL), ZAl(ICOL)9 WA1( ICOL) 9 N l i  
2A?(ICOL), EIAl(1COL)r DESAl(IC0L) 

10 FOR'OAT (6H3ICOL=, I3 916H IDTAl(ICOL)=,12,15H ADAL(ICOL)=rEll* 
14r15!1 SDAl(ICOL)=rEllo4,15H CDAl(ICOL)=rE11.4/llH DAl(ICOL)= 
29Eli049 141-1 XAl(ICOL)=9Ello4,14'H YA1( ICOL)=~Ello4t14il ZAl 
3 I COL) = $ E l  1m4/ 11'4 >'A1 ( I COL ) =  9 El 1 m 4  9 15ti NRAl(ICOL)=,13r15H E1 A 
41(ICOL)=~Ellm4~lhY DESAl(ICOL)=,E11o4) 

15 IF (ICOL-27) 8 0  9 2Q9 20 
2 7  KQEC = K'IEC +1 

:RITt ~ L P T 1 ~ ~ I D T A 1 ~ I ~ ~ A D A 1 ~ I ~ , U D A l o r C D A 1 ~ I ~ ~ C ~ A l ~ I ~ ~ ~ A l ~ I ~ ~ X A l ~ ~ ~ ~  YA1( 

ICOL = 0 
P*3 ilETtiR'! 

E"1D 

11) r Z A l (  I )  9.$'Al( I )  rNRAl(1) ,EIAl(I)VDESAl( I )  9 I = 1 , 2 0  

0002 
0003 
0 0 0 4  
0005 
0006 
0 0 0 7  
0 0 0 8  
0009 
0010 
OOLl 
0012 
0013 
0014 
0015 
0016 
0017  
0018  
0019 
0020 
002 1 
0022 
002 3 
0 0 2 4  
0 0 2 5  
0026 
0027 
0028 
0029 
d030 
0031 
0032 
0033 
0034 
003 5 
0036 
0037 
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U U 3 9  
U04U 
004 1 
0042 
0043 
0044 



6 3  

SUBROUTINE INTERP (E,MNO,CROS) 
COYYON /CROSS/ NENEGY, ENERGY(100)S T C S ( 8 r 1 0 0 ) r  NCROS(8) r  

CO~''MOU /FLXDO/ FTD, F T O D ( 1 0 0 ) ,  D$LSE(5~20 ,20 )  
CALL FINDER (NENECY,EIJAZ,ENERGY) 
C'IOS = TCS(MNOvJA2) + ( T C S ( M N O ~ J A Z + l ) - T C S ( M N O I J A Z ) ) * ( ~ E ~ E N E R G Y ~ J A Z  

FTD= F T O D ( J A 2 )  + ( F T O O ( J A Z + l l  - F T O D ( J A 2 ) )  * ( (E -ENERGY(JAZ) )  

RETURN 
EYD 

1 ESCAT(8,25),  D E S ( 8 9 2 5 9 2 0 1  

l ) ) / ( E Y E R G Y ( J A Z + l ) - E ~ E ~ G Y ( J A Z ) ) )  

1 / ( E Y E R G Y ( J A Z + l )  - E N E R G Y ( J A 2 ) ) )  

0046 
0047 
0048 

0049 
005 0 
005 1 

0 0 5 2  
0053 
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SUBROUTIlUE DIST ( X ~ Y , Z I A I B I C ~ I ~ S I P ~ ~ P ~ ~ P ~ )  
COVWON /GEOA.11/ I H T (  7519 AF( 7519 ZF( 75)r CF( 7 5 1 9  X F (  7519 

I1 = I 
I2 = I B T ( I 1 )  
50 TO (10,2~9,30,4~,50,60,701~9~90) 9 I2 

0 2  = A*(X-XF(Il)) + HX(Y-YF(I1)) - C*AF(Il)*(Z-ZF(Il)) 
P3 = (X-XF(IX))**2 + (Y-YF(,Ill)**Z -AF(Il)*(Z.-ZF(I1))**2 - CF(I1) 
G? TO 100 

1 YF( 7519 IUN(50r9)9 MPR(50,9)9 UB(50)r EPSLI NBDI NREC 

10 PI = A * * Z  + R**2 - AF(Il)*C**2 

20 P1 = A**2 + D**2 
P2 = A*(X-XF(Il)) + B*(Y-YF(Il)) - Oe5*AF(Il)*C 
P3 = (X-XF(I1))+*2 + (Y-YF(I1))**2 - AF(Il)*(Z-ZF(Il)) 
to TO 100 

P2 = A*(X-XF(Il)) + B*(Y-YF(Il)) - (AF(11)**2)*C*(Z-ZF(Il)) 
P3 = (X-XF(I1))**2 + (Y-YF(I1))**2 - (AF(Il)*(Z-ZF(I1)))**2 
GO T O  1 0 0  

P2 A*(X-Xf(Il)) + B*(Y-YF(Il)) 
P3 = (X-XF(I1))**2 + (Y-YF(Il))**Z - AF(Il)**2 
GO TO 100 

50 P1 = SIN(AF(I1)) 
P2 = COS(AF(I1)) 
P3 = -ASP1 + RsP2 
IF (P3) 55, 2009 55 

GO TO 15C: 

30 P 1  = A**2 + ,R**2  -(AF(Il)*C')**2 

40 P1 = A*+2 + R**2 

55 S = ((X-XF(Il))+Pl - (Y-YF(Il))*PZ)/PS + EPSL 

60 IF CC) 65, 2001 65 
65 S = ((AF(Il)-Z)/C) + EPSL 

70 IF (A) 75, 200, 75 
75 S = ((AF(Il)-X)/A) + EPSL 

80 IF ( 5 )  95, 2009 85 
55 S = ((AF(Il)-Y)/B) + EPSL 

GO TO 150 

GO TO 150 

GO TO 150 

I F  (P1) 95, 2009 95 

GO TO 15r) 

9 0  P1 = A*AF(Il) + U*ZF(Il) + C*CF(Il) 

95 S . =  (XF(I1) - XsAF(I1) - YjtZF(I1) - Z*CF(Il))/Pl + EPSL 

100 I F ( AHS ( P1)-1.OE-7 1 1059 1059 110 
10 5 I F ( A U 5 ( P2 ) -1 e 0 E-7 ) 2009 2009 106 
106 S = -0.5 * P3/P2 + EPSL 
110 P2 = PZ/Pl 

P3 = P3/P1 
IF (P2) 1209 1209 112 

112 IF (P3) 1309 1309 200 
120 P 4  =P2**2 - P3 

GO TO 150 
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IF (P4+1.0€-5) 2009  2009 125 
125 IF (P3) 1309 140, 140 
130 S = -P2 + SQRT(P2**2-P3) + EPSL 

140 S = -P2 - SQRT(P2**2-P3) + EPSL 
150 IF ( S  = EPSL) 209r  2009 300 
200 CALL SLITE ( 3 )  
250 S = 2.0 * EPSL 
300 RETURN 

END 

GO TO 150 
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SUBROUTINE SEARCH ( K A ~ X l ~ Y l ~ Z l r N R l r Y S R C H ~ K E S C Z )  
COYVON /GEOMl/ I B T (  75)9 AF( 75)r ZF( 7519 CF( 75)r XF( 7519 

VSRCH = 0 
K = KA 
J Z  = ?;B(K) 
DO 200 I=lvJZ 
JZ1 = IARS(IRNIK,I)) 
JZ2 = IBT(JZ1) 
IF (JZ2) 6 9  5 

5 IF (JZ2-9) 8 9  8 9  6 
6 ‘;,‘RITE (697) JZ29 JZ19 K9 JZ9 NR1 
7 FORMAT (1SH THE VALUE OF IBT=.915920tl FOR 3OUidDARY NUL*HER915rltl9/ 

1 YF( 7519 IRN(5099lr MPR(5099)’r NR(5Olr EPSLI ElROr PJREG 

128H OR N B ( N R 2 )  YAY UE IN ERROR./ 4 H  NU( 91292~)=,I3r5H1Nf?l=rI2) 
CALL E X I T  

8 GO TO ( 10 920 9 3 0  940 9 50 9 60 9 7 9  980 990 1 9 JZZ 
10 XR =(Xl-XF(JZl))**2 + (Yl-YF(JZ1) )**2 - AF(JLl)*(Zl-ZF[JZl))**Z 

1 -CF(JZl) 
GO TO 100 

GO TO 109 
20 X R  =(Xl-XF(JZ1))**2 + (Yl-YF(JZ1) ) *+*2 - AF[JZlI~(Zl-ZF(JZl))**Z 
30 XR =(Xl-XF(JZl))**L + (Yl-YF(JZl))**Z - (AF(JZl)*(Zl-LF(JLl))) 

l**2 
GO TO 100 

GO TO 100 

GO TO 180 

GO TO 100 

GO TO 100 

50 T O  100 

GO TO 100 

40 XR =(Xl-XF(JZl))**Z + (Yl-YF(JZl))+*Z - AF(JZll+*Z 
50 XR =(-Xl+XF(JLl))*SI~~(AF(JZl)) + (Yl-YF(JZl))*COS(AF(JZl)) 

6 0  XR =Zl-AF(JZl) 

70 XR =Xl-AF(JZl) 

80  XK =YI-Af(JZl) 

90 X R  =Xl+AF(JZl) + Yl*ZF(JZl) + 21*CF(JZ1) - XF(JZ1) 
100 IF ( I B h I ( K 9 1 ) )  110, 1309 130 
110 IF ( X f i )  2009 2 0 0 ,  250 
130 IF (XR) 2509  2009 200 
200 CONV IPlUE 

M S R C H  = 1 
K E S C Z  = YRI 
N r i  1 = K 

250 RETURN 
END 
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C SUBROUTINE DF7 FOR CODES H01, A 0 1 9  AND A02e 
SUBROUTINE OF7 (NRlrXlrYlsZltNBlrNR2rKESC2) 
COVIIYON /GEOMl/ I B T (  7 5 ) s  A F (  7519  Z F (  7 5 ) r  C F (  7 5 ) s  XF( 7 5 1 9  

1 YF( 7519  I B N ( 5 0 9 9 ) r  M P R ( 5 0 s 9 ) r  N B ( 5 0 ) r  EPSLr NBDt NREG 
5 2 5  FORYAT (49HOCANNOT F I N D  REGION FOR PARTICLE WITH GOORDINATESr 

1 1P3E12.4 1 
6 0 0  I F  ( N R 2 - 2 )  6 0 5 9  602 ,  6 0 5  
6 0 2  KESC2 = NR1 

Y R 1  = 2 
GO TO 7 0 0  

6 0 5  JEZ = YREG 
JAZ = YR2 
NCY = 0 

I F  ( I  - 2 )  6 2 0 9  6 5 0 3  6 2 0  

I F ( 1.' S R C H 1 6 5 0 9 6 5 0 r 7 0 0 

IF ( M C Y  1) 6 5 5 9  665,  6 7 0  

6 1 0  DO 6 5 0  I = J A Z r J E Z  

6 2 0  CALL SEARCH L I , X l , Y l r Z l r N R l r M S R C H t K E S C 2 )  

6 5 0  CONTINUE 

6 5 5  JEZ = 1 
JAZ = 1 
NCY = 1 
GO TO 6 1 0  

6 6 5  JAZ = 3 
JEZ = NR2 
NCY = 2 
GO TO 6 1 0  

6 7 0  WRITE ( 6 r 5 2 5 ) ' X l ,  Y l r  21 
GO T O  6 0 2  

7 0 0  RETURN 
END 

su l30010 

SUB0220 
SUB0230 
SUB0240 
SUB0250 
SUB0260 
SUB0270 
SUB0280 
SUB0290 
SUB0300 
SUB03 10 
SUB0320 
SUB0330 
su t30350 
SUB0360 
SUB0370 
SUB0380 
SUB0390 
SUB0400 
SUB0410 
SUB0420 
su t30430 
SUB0440 
SUB0453 
SUB0460 
SUB0470 
SUI30480 
suuo 4 9  0 
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SUBROUTINE FINDER (NEVEGY~E,JAZIENERGY~ 
DI"EP!SIO.U EVERGY( 100) 
FI?IEGY = YEYEGY 
JUYP = FI?IEGY/Z.O + 0.5 
LOE = JUYP 
DO 30 1 ~ 1 9 6  
FJUVP = JUMP 
JUVP sFJUMP/2.0 + 0.5 
I F  ( E  - ENERGY(L0E))  10, 509 20 

10 LOE = LOE + JUMP 
GO TO 30 

20 LOE = LOE - JUYP 
30 CONTINUE 

40 J A Z  = LOE 

50 JAZ = LOE - 1 
60 RETURN 

END 

IF ( E  - ENERGY(LOE1) 4 0 ,  50, 50 

GO T b  60 

0002 
0 0 0 3  
0004 
0 0 0 5  
0006 
0 0 0 7  
0008 
0 0 0 9  
0010 
0 0 1 1  
0012 
0013 
0014 
0 0 1 5  
0016 
0 0 1 7  
0 0 1 8  
0 0 1 9  
002 0 
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SUBROUTINE FPRINT 
C SUBROUTINE FPRINT I N  ANALYSIS CODE A 0 1  
C SUBROUTINE ,FPR'INT 

DIMENSION DSUME(20,21), DSUMA(ZO? 
DIMENSION GSUM(20) 
COMMON /SCTAP/ IDT I  AD, BD, CD, D, X, Y ,  ZI W, NRI E19 DESL, 

1 I C O L I  I C O L 1 ,  JSENSEr KRECI KLMAX 
COMMON /WEDWIT/ IDTA11201 ,  A D A 1 ( 2 0 ) 9  B D A l ( 2 0 ) P  C D A l ( 2 0 ) v  D A 1 1 2 0 ) r  

1 X A l ( 2 0 1 9  Y A l ( 2 0 ) r  Z A l ( 2 0 ) r  W A l ( Z O ) ,  N R A l ( 2 0 ) r  E I A l ( 2 0 1 r  D E S A l ( 2 0 )  
COMMON /CROSS/ NENEGY9 ENERGY(100) r  T C S ( 8 9 1 0 0 )  r NCROS(8) r  

1 E.SCAT(8r251, D E S ( 8 9 2 5 r 2 0 )  
COMMON /JUNK/ A, A O ( 2 0 ) r  AP12r  AT, A T 1 ( 2 0 ) ,  A T W T ( 8 ) r  61  B O ( 2 0 ) r  

1 C, CO(2O)v  CLMDA, CPSII CPSIZ,.CROS, CRSSI OELCT, D I S T M i  
2 DSQDs Ec E 0 ( 2 0 ) , , E G R P ( Z O ) r  E S I 1 8 ) r  ESUM(201, E P R I N T ( 2 1 ) s  
3 EX, E X l ( 2 0 ) s  ESP, F L U X ( 2 0 r 2 0 , 2 0 ) r  FLUXE(ZOrZOA, F S U M ( 8 ) r  
4 G P R f N T ( 2 1 ) ?  G R A D ( 2 1 ) v  H ( 2 ) 9  HELP, IEEI  IE- INTV,  IEYAXI IEPMAX, 
5 I E T A B ( 2 0 ) r  IGINTVI  IGPMAX, IH1 ,  I H 2 r  IHTAPE, IHEAD, I L A S T ,  
6 IPPMAX, IREGSC, JeNO9 JlNO, J Y r  JTAPE, J T A P E l r  JTAPE2r JA, JI, 
7 Kc K l r  KESC2s KGRP(3 r201 ,  KS9 KTAPE-t L1, L 2 r  L 3 r  LES, LZ, 
8 MATREG(50) (  b!HTA!FE(20), M I G H T ( 2 0 ) t  H N O I  N B l r  ND, NELI NGI NHT, 
9 NHIST, KOINT, NNI N R 1 ( 2 0 l r  NR2, NRECI 'NRDC5)r 'NLIBc NSG9 P I D  

COMMON P P R I N T ( 5 )  9 PRAD(51,  Q I  I Q I D ,  SI SUMS,,TM(8r lO 
1 X 1 ( 2 0 ) 9  X2, X D l ( 5 ) r  XD, Y1 : (20 ) r  Y29 YD, Y D 1 ( 5 ) 1  Z l ( 2  
2 2 2 Z Z l ~  2 2 2 2 2  r ZD, ZD1(  5 1 J 'DN ( 8  98 ),e ISRCTP 9 I SRCRC B NMAT 9 

3 ETM, I L O C I  B E G ( 2 0 ) r  BEGGER(20,20)9 MKREC(2) ,  NTAP, AW120 l r  
4 EMAX(20) ,  I N L I B R ( 1 1 ) (  I N S U P R ( 2 0 ) ,  1 ; IELFNlB)  
5 /GEOMl/ I B T (  7 5 1 9  AF(  7519  Z F (  7519  C F (  7 5 1 9  X F (  7519 YF(  7 5 ) .  
6 I B N ( 5 0 9 9 )  II M P R ( 5 0 1 9 )  9 N B ( 5 0 )  9 EPSL, NBD9'  NREG 
2 /CARDC/  I S ,  I S 1 9  I L ,  IL1,  F L I B ,  N P R I N T ( 9 ) r  MS 

COVMON /FLXDO/ FTC), F T O D ( 1 0 0 ) ,  DOSE(5,20,20) 
1 = 1  

4 0  FORMAT (16HOPROBLEPl NUVBER r A 4 1 1 2 / 2 3 t i  HISTOIjY TAPES LABELED r A 6 9 A 3  
1 9 1 4 r 9 H  THROUGH s A 6 r A 3 1 1 4 / 1  

WHITE ( ~ ~ ~ O ) P I D I N N , H ( ~ ) ~ H ( ~ ) , I H ~ ~ H ( ~ ) ~ H ( ~ ) , I H Z  
C 
C 

1 0 0  FORMAT ~ 1 H l r l 7 X r l 7 H P A R T I C L E  ENERGY =1E1003,qH T O ~ E 1 0 . 3 r 4 H  MEV ) 

1 1 0  FORMAT ( 1 H l r  14Xv17HPARTICLE ENERGY =,E10*393H TOrElOa3'94H MEV ) 
111 FORMAT (1H1'92(  14X,171{PARTICLE ENERGY = r E l O a 3 ~ 3 H  TOsE10 .3~4H MEV 1 ) 
1 2 0  FORMAT (lHD,lOX', 12HPARTICLE E o = r E 1 0 0 3 9 3 H  TO,E'1003r4H MEV+9X)  
1 2 1  FORYAT ( ~ H O I ~ O X I ~ ( ~ ~ H P A R T I C L E  Eo=rE1003 ,3H TOrE10*3 ,4 t i  MEV99XJ) 
1 3 0  FORKAT ( ~ H O I ~ ~ X , ~ ~ H A Z I W U T ~ ~ A L  ANGLE = 9 F 6 0 1 ~ 3 H  T O ~ F 6 a l t 8 H  DEGREES) 
200 FORMAT ( 6 H  POL4R/6H ANGLEr18X,25tiAZIMUTHAL ANGLE (DEGREES) / 

16H ( D E G ) , ~ X , ~ ( F ~ O ~ , ~ H - I F ~ O ~ ) ~ ~ X ~ ~ H S U M  1 
2 1 0  FORVAT ( 6 H  POL'AR/6H ANGLE,.' ~ ~ X I ~ ~ H A Z I M U T H A L  ANGLE (DEGREES) / 

16H ( D E G ) , ~ X , ~ ( F ~ O ~ I ~ H - ~ F ~ O ~ ) I ~ X , ~ H S U ~ ~  1 
2 1 1  FORMAT ( 6 H  POLAR/6H A N G L E I ~ ~ X I ~ ~ H A Z I M U T H A L  ANGLE (DEGREES) 9 3 2 X r 2 5 H  

1AZIYUTHAL ANGLE (DEGREES) / 6 H  ( D E G ) ~ ~ X ~ ~ ( F ~ ~ ~ S ~ H - S F ~ . ~ ) ~ ~ X , ~ H S U M ,  
2 1 3 X ~ 3 ( F 6 a l ~ l H ~ ~ F 5 0 1 ) , 6 X , 3 H S U M  1 

2 2 0  FORYAT ( 6 H  POLAR/6H ANGLESBXI~~HAZIMUTHAL ANGLE (DEG1/6H (DEG),6Xs 

0 0 0 2  
0003 
0 0 0 4  

0 0 0 5  
0 0 0 6  
0 0 0 7  
0 0 0 8  
0 0 0 9  
0 0 1 0  
001 1 
0 0 1 2  
0 0 1 3  
0 0 1 4  
0 0 1 5  
0 0 1 6  
0 0 1 7  
0 0 1 8  
0 0 1 9  
0020 
0 0 2 1  
0 0 2 2  
0 0 2 3  
0 0 2 4  
0 0 2 5  
0 0 2 6  
0 0 2 7  
0 0 2 8  
0 0 2 9  

0 0 3 0  
093  L 
003  2 
0 0 3 3  
0 0 3 4  
0 0 3 5  
0 0 3 6  
0 0 3 7  
0 0 3 8  
0 0 3 9  
0 0 4 0  
0 0 4 1  
0 0 4 2  
0 0 4 3  
0 0 4 4  
0 0 4 5  
0 0 4 6  
0 0 4 7  
0 0 4 8  
0 0 4 9  



l Z ( F 6 . 1 9 l H - 9 F 5 0 1 ) s 6 X , 3 H 5 U M  1 

1 E G ) , 2 ( 6 X , 2 ( F 6 . l r l H - 9 F 5 . l ) 9 6 X 1 3 H S U M , 1 0 X ) )  
2 2 1  FORYAT ( 6 H  POLAR/6H ANGLE92(8X,21HAZIMUTHAL ANGLE ( D E G ) r l 9 X ) / 6 H  (0 

230FFORYAT(6H POLARv4X,21I'IPARTICLE ENERGY ( M E V ) )  
301 FOR"IIAT(7H ANGLE 9 ( E 1 2 . 3 ) )  
3 1 1  FORifr;AT(7H (DEG) r ( E 1 2 . 3 ) )  
3 2 0  FORMAT ( lH+lZX3HSUM 1 
3 2 1  FORhlAT ( 1H+ 26X3HSUxl) 

3 2 3  FORQAT(lH+ 5OX3YSUV) 
3 2 4  FORvlAT ( l H +  62X3HSU:;l) 
325  FOR'IAT (1H+ 74X3YSUY) 
3 2 6  FOR';AT ( l H +  86X3HSUC1) 
3 2 7  FOR'VlAT ( 1H+ 9SX3HSUY 1 
3 2 8  FCR'iAT( l H + l l O X 3 H S U Y )  

3 2 2  FOR".!AT ( Id+ 38X3HSU:*I) 

~ 400 
4 1 0  
411 F O ~ ' ! A T ~ l l i O ~ F 5 o 1 ~ 6 X ~ 3 E 1 2 . 5 t E 1 4 . 5 , 8 X ~ 3 E l 2 ~ 5 ~ E l 4 o 5 ~  
4 2 0  F O R ~ ~ A T ( l H O , F 5 . l r  (6X,LE12.5,E14.5,5X) ) 
43C FORib'ATI lHO9F5*19E l4 .598E12 .5 )  
4 3 1  FOKYAT(lHO,F5.l ,E14:5) 
4 3 2  F3R"AT( lHO9F5 .192E14r5 )  
4 3 3  FOR' lAT( lH39F5.19E14.5r E12.5rE14.5) 
4 3 4 FORVAT ( 1 Hi) 9 F 5 1 9 E 14 5 9 2 E 1 2  5 9 E 14 5 1 
4 3 5  FOR"AT(1HO~F5.l~E14.5~3E12059El4~5) 
4 3 6  F O R V A T ( l H O 9 F 5 . l t E 1 4 . 5 r 4 E 1 2 . 5 , E 1 4 . 5 )  
4 3 7  F 3 R ' J A T ( l H O ~ F 5 . 1 ~ E 1 4 * 5 ~ 5 E 1 2 e 5 ~ E l 4 . 5 )  
4 3 8  F O R ~ ~ ~ A T ( l H 0 1 F 5 . l r E 1 4 . 5 , 6 E 1 2 . 5 ~ E l 4 . 5 )  
4 3 9  F O R Y A T ( l H ~ ~ F 5 0 1 ~ E l 4 . 5 , 7 E 1 2 . 5 , E 1 4 . 5 )  
4 4 0  F O R ~ - ~ A T ( l H O  /4H SUYr7Xs4E13.59E14.5) 
441 FORLlAT(1HO /4H SUY,7X,3E12.T ,E14.5 ,8X93~12.TrE14*5)  
4 4 2  FORYAT( 1dO / 6H  SU'vI 9 (6X92E12.59E14.595X))  
4 4 3  FQR"AT(1HO /6H SUU 9 6XrE14.5,  8E12.5) 
4 5 1  F O R ' ~ ~ A T ( l H 0 / 6 H  SUP4 r E14.5 1 
4 5 2  FOR'\'AT( 1H3 /6Y  SUY r 2E14.51 
4 5 3  FOR'?AT( lH0 /6 '1  SUW 9 E14.59 E12.5, E14.5) 
45G FOR'v'AT(1!30/6ti SU" s E14.5r2E12.59 E14.5)  
4 5 5  FORPfAT(lY0/6H SUY r E-14.5r3E12.59 E14.5) 
4 5 6  F 0 9 ' A T ( l H 0 / 6 H  SU'I r E14.594E12.5, E14.5) 
4 5 7  '=CR' IAT(  1HO/6H SUV 9 t 1 4 . 5 r 5 E 1 2 0 5 9  E14.5) 

F 3R"'AT ( 1H0 9 F*5 1 9 5 X 9 4E 13 5 9 E 14.5 1 
FORc',AT ( 1HO 9 F 5  o 1 9 6  X 9 3E 12 o 5 9 E 14 5 1 

4 5 2  F O l ? ' i A T ( l Y 3 / 6 H  SUvI 9 E14.596E12.59 E 1 4 0 5 1  
4 5 9  F O K ' A T ( l H 3 / 6 t i  SU'4 9 E 1 4 a 5 r 7 E 1 2 m 5 r  E14.5) 

I P I p!TV = I PP'IAX-1 
ISIb!TV = ISPVAX - 1 
I EIa'!T'J = IEP'AAX - 1 
'.'G = I E I I J T V / 2  
I E X T  178 = I E I NT V-2*#.1G 
' . If  = ( I E I N T V / 9 )  + 1 
IHEAD = 1 
GO T O  ( 1 1 3 0 9 9 0 3 ~ 7 9 0 9 5 0 0 )  9 I P I N T V  

0050 
0 0 5  1, 
0 0 5 2  
005 3 
0054 
0055 
0056 
0057 
0 0 5 8  
0 0 5 9  
0060 
006 1 
0062 
0 0 6 3  
0 0 6 4  
0 0 6 5  
0066 
0 0 6 7  
0 0 6 8  
0 0 6 9  
0 0 7 0  
0 0 7  1 
0 0 7 2  
0 0 7 3  
0 0 7 4  
0 0 7 5  
0 0 7 6  
0 0 7 7  
0 0 7 8  
0 0 7 9  
0 0 8 0  
0 0 8 1  
0 0 8 2  
0 0 8 3  
0 0 8 4  
0 0 8  5 
0 0 8 6  

0 0 8  R 
0 0 8 9  
0t1y0 
0 0 3  1 
0 0 4 2  
0 0 9  3 
0 0 9 4  
0 0 9 5  
0 9 9 6  
0 0 9 7  
0 0 9 8  
0 0 9 9  

0087  
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C RVALS 
ND 

T9 XDl(1U Y 

2 = rE10.3 
501 FORPAT (16H ECTOK NUMBER 9 

DO 540 KE = lr IEINTV 
WRITE (6tlOO)EPRIYT(KE), EPRIYT(KE+l) 0106 

RVALS 
ND 

T9 XDl(1U Y 

2 = rE10.3 
501 FORPAT (16H ECTOK NUMBER 9 

DO 540 KE = lr IEINTV 
WRITE (6tlOO)EPRIYT(KE), EPRIYT(KE+l) 0106 

505 

510 

520 

540 

550 

560 

570 

m I T E  (69200) (PPRINT(K) 9 PPRINT(K+l) 9 K=lr4) 
DO 505 Kz-195 
FSUM(K) = 0.0 
DO 520 JGAM = 1, IGINTV 
SUL" = 0.0 
DO 510 IPHI = 194 
IPHID = IPHI + 4*(IDT-1) 
SUM = SUY + FLUX(IPHID9JGA$l9KE) 
FSUY( IPHI 1 = FSlrlt\l( IPHI 1 + FLUX( IPHID,JGAM?KE) 
FSUM(5) = FSUY(5) + SUM 
K2 = IPHID 
K1 = K2-3 
WRITE (6~400)GPRINT(JGAPl+l) r(FLUX,(K39JGAM,KE) tK3=KlrKZ) 9 SUM 
CONT I NWE 
WRITE (6,440) (FSUM(K3) 9 K3=195) 
CONTINUE 
DO 550 IPHIxlr4 
DO 550 JGAY=lrIGINTV 
FLUXE(IPH1,JGAM) = 0.0 
DO 560 IPHI=lr4 
IPHID=IPHI+4*(IDT-l) 
DO 560 JGAM=l,IGINTV 
DO 560 KE=ls I E I NTV 
FLUXE(IPH1 rJGAY) = FLUXE(IPHI9JGAM) + FLUX(IPHIDrJGAk1,KE) 
WRITE (69100)EPRINT(l)s EPRINTlIEPMAX) 
WRITE (69200)(PPRINT(K)r PPRINT(K+llr K = l r 4 )  
DO 570 K=195 
FSUFn(K) = 0.0 
DO 590 JGA"=lr IGINTV 
SUM = 0.0 
DO 580 IPHI = 1'94 
SUM = SUY + FLUXE(IPHI9JGAM) 

u137 
3108 
U l r ) ?  
01 10 
0111 
0112 
0 1 1 3  
01 14 
0115 
0116 
01 17 

0119 
0 1 1 0  
0121 
0122 
0 1 2 3  
0124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0 1 3 2  
0133 
0 1 3 4  
0 1 3 5  
0136 
0137 
0138 

oiia 

580.FSUY(IPHI) = FSUY(IPH1) + FLUXE(IPHX9JGAY) 
FSU'g(5) = FSUY(5) + SUM 
'Z'? I T E 

590 CONTINUE 
k!RITE (69440)(FSUY(K3), K3=1,5) 

603 CONTINUE 
GO TO 1200 

700 DO 890 IDT = 1s WD 
WRITE (69501)IDT, XDl(1DT)s YDl(IDT), ZDL(1DT) 
IF (IEXTRA) 7059 7059 800 

705 IF (IEINTV-1) 8 0 0 ,  8009 710 

( 6 9 40 0 GPR I .\IT ( J GAM+ 1 1 9 I FLUXE ( I PHI 9 JGAM ) 9 I PH I = 1 9  4 1 r 

0139 
0140 

SUM 0141 
0142 
0143 
0144 
0145 
0146 
0 1 4 7  
0 1 4 8  
0149 
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719 DO 7 3 0  KE=l,YG 
C AN EVEN NUYBER OF ENERGY INTERVALS 

::'RITE ( ~ , ~ ~ ~ ) E P R I N T ( ~ * K E - ~ ~ ~ E P R I N T ( ~ * K E ) , E P R I N T ( ~ * K E ) I  EPRINT(2*KE 

>/RITE ( ~ I ~ ~ ~ ) ( ( P P R I N T . ( J ) ~ P P R I ~ T ( J + ~ ) ~ J = ~ ~ ~ ) ~ K ~ = ~ ~ ~ )  
DO 7 1 5  J=1,8 

7 1 5  FSUY(J)=O*O 
DO 7 2 5  JGAM=l,IGINTV 
SU','l=C) 0 0 
su2"2=0 0 
30 7 2 0  I P H I z l r 3  
I P H I D  = I P H I  + 4 * ( I D T - 1 )  
SU*.11=SUYl+FLUX( I P H I D ,  JGAk1,2*KE-l) 
SU'.12=SLJ!.?2+FLUX ( I PI1 I D  9 JGAM 92*KE 
FSUI(IPHI)=FSUY(IPHI)+FLUX( I P H I D ~ J G A M I ~ * K E - ~ )  

1+1) 

7 2 0  F S U " ( I P h I + 4 ) = F S U Y ( I P t i I + 4 ) + ~ L U X ( I P t i I D ~ J G A ~ ~ 2 * K E )  
FSUF'(R )=FSU'v1( 8)+S1Jc42 
FSU'\" ( 4  1 =FSU'.'( 4 1 +SLi"ll+SUV2 
Y 2  = I P H 1 3  
Y 1  = K2-2 
k't? I T E ( 6 4 1 1 GP R I fiJ T ( J G A '-?+ 1 ( FLUX ( K 3 9 J G AY r 2 *K E- 1 1 9 K 3 =K 1 I K 2 ) 9 SUM 1 

1 r (FLUX(K3 ,JGAY,2aKE) rK3=K1 ,K2) rSUM2 
7 2 5  COUTI:.!UE 

7 3 3  COP<T IYUE 
:$KITE ( 6 , 4 4 l ) ( F S U \ q ( K 3 ) ,  K3= l , f ! )  

I F  ( I E X T R A )  8 2 7 s  827,  800 
C PRI"TI" !G OF 1 SET OF 3 P H I  ANGLES PER PAGE 

803  K E l = I E I U T V  
N R I T E  ( 6 r l l O ) E P R I Y T ( K E l )  , E P R I N T ( K E l + l )  
?!RITE ( 6 , 2 1 0 )  ( P P i I I N T (  J) , P P R I N T ( J + l )  9 J = 1 9 3 )  
30 515 J=1,4 

8 1 5  FSU ",( J )=O.L l  
30 8 2 5  JGA'*I=l, IGINTV 
su t = C .  3 
20 9 2 0  I P l i I = l r 3  
I P P I ' ? = I P H I  + 4 * ( I D T - 1 )  
SU"=SU'I+FLUX( I P H I D r  JGA$?,KEl 1 
FSUh'( I P H I  )=FSU'"i( I P H I  ) + F L U X (  I P H I U ~ J G A Y ~ ~ E l )  
FSU' i (4 )=FSU'~S(4)+SU' l  

< l = K 2 - 2  
',)!I< I T E 

2 2 5  CC;':TI'!UE 

3 2 3  

K 2= 1 P t i  1 3 

( 6 9 4 10 ) GP R I i I T ( JGAPE+ 1 ) , ( FLUX ( K3  9 JGA:.l I KE 1 1 9 K 3 = K l , K Z ) ,  S 
1 J ' 1  

':!SITE ( 6 9 4 4 1  1 ( F S U ' t ( Y 3 )  9 K 3 = l t 4 )  
C SL"' OVER ALL E'JESGIES T O  PRINT P H I  VS. GAFlhiA -- 3 P H I  ANGLES 

2 2 7  CO 533 Jr>A'd=lv IGIPITV 
09 S3r? I P H I  = 193 

90 8 3 5  I P Y I  = 1 9 3  
9 3 0  FLUXE(IPY1,JCA' l )  = O.0  

0 1 5 0  
0151 
0f52 
0153 
0 1 5 4  
0 1 5 5  
0156 
0157 
0 1 5 8  
0 1 5 9  
0160 
0161 
0 1 6 2  
0163 
0 164 
0 1 6 5  
0166 
0 1 6 7  
0 1 6 8  
0 1 6 9  
0 1 7 0  
0 1 7 1  
0 1 7 2  
0 1 7 3  
0 1 7 4  
0 1 7 5  
0 1 7 6  
0 1 7 7  
0 1 7 8  
0 1 7 9  
0 1 8 0  
0 1 8 1  
0 1 8 2  
0 1 8 3  
0 1 8 4  
0 1 8 5  
0 1 8 6  
0 1 8 7  
0188 
0 1 8 9  
0190 
0191 
0192 
0193 
U 194 
0 1 9 5  
0 1 9 6  
0 1 9 7  
0 1 9 8  
0 1 9 9  
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IPHID = IPHI + ~ * ( I D T - ~ )  
DO 8 3 5  JGAY = 11 I G I N T V  
DO 8 3 5  KE = 11 I E I Y T V  
FLUX E ( I PH I 9 J G A V  1 = F L!JX E ( I PH I 9 JGAI.1) 
WR I T E ( 6 9 1 1 0  
K'RITE ( 6 , 2 1 0 )  ( P P R I Y T ( J 1  , P P R I N T ( J + l )  r J = 1 9 3 )  
DO 8 4 0  J=1,4 

543 FSU;<( J )=O*O 
DO 8 5 0  JGA6!=191G!YTV 
SU"=O*O 
DO 8 4 5  I P H I = 1 , 3  
SU'I;=SUM + FLUXE ( I PH I 9 JGA'4 1 

8 3 5 + FLUX ( I HID, JGAFlgKE) 
EPlZ I '4 T ( 1 1 9 EPH I !\IT ( I E I NT V+ 1 1 

9 4 5  F S U ? 4 ( I P H I )  = F S U ' ~ I ( I P H I 1  + FLUXE(IPH1,JGAY) 
FSUht(4)  = F S U Y ( 4 )  + SUM 
l\i I? I T E 

8 5 0  COYTINUE 
WRITE ( 6 9 4 4 1 ) ( F S U M ( Y 3 ) ,  K3=lr41 

8 9 0  CONTINUE 

( 6 14 10 1 GP R I "I T ( JGAM+ 1 1 ( F L U X t  ( 1 PH I 9 J GA;4 1 v I PH I = 1 I 3 1 9 SUM 

GO T O  1 2 0 0  
C TWO A Z I W T H A L  INTERVALS 

9OC DO 1 0 9 0  IDT=l ,ND 
WRITE ( 6 * 5 0 1 ) I D T 9  X D l ( I D T ) r  Y D l ( I 9 T ) ,  Z D l ( 1 D T )  
I F  ( I E X T R A )  9 0 5 9  9 0 5 1  1 0 0 0  

9 0 5  I F  ( I E I P i T V - 1 )  1000,  19039 9 1 0  
9 1 0  DO 9 3 0  KE=1,:4G 

c AN EVEN YUMBER OF EI4ERGY INTEqVALS 
WIIITE ( 6 9 1 2 1  ) E P R I U T ( 2 * K E - l )  , E P R I N T ( 2 * K E )  ,EPKINT(2*KE)  I EPRItJTI  2*Kk 

WRITE 
DO 9 1 5  J = l t 6  

9 1 5  FSUY( J ) = O * O  
DO 9 2 5  JGA"4=19 I G I N T V  
s u 11 1 = 0.0 
SUlv"2=Q*0 
D3 9 2 0  IPHI=1,2  
I P H I D  = I P H I .  + 4*(  11)T-1) 
SU"~ l=SU"11 + F L J X (  IPHID,JGAI",Z+KE-l). 
SU'J2=SUM.2 + FLUX(  IPhIU,JGAi4r2*KE) 
F SU' I ( I PA I = FSU' ? ( I 1'5 I 1 

1+1) 
t 6 9 2 2 l )  ( ( P P ' R I V T ( K )  ,PPI< I ;JT(K+ l )  9 K ~ l . 9 2 )  , K 3 = 1 + 2 )  

+ FLUX ( I P H I D 9 J GAK I 2+eKE+ 1 1 
9 2 0  FSU'-l(IP~1+3)=FSU~~IIPHI+3)+ F L U X ( I P H I D g J G A X t 2 * K E )  

FSU"( 3 )=FSU'*e( 3 ) +  SU"1 
FSU ' ( 6 ) = F S U ' 4 ( 6 ) +  SU'42 
I( 2 = I F'H I L, 
,Y l=Y2-1 
' , I l i  I T E ( 6 9 4 2  0 GPR I N  T ( JGAPl+ 1 

9 2 5  C3UTI ' ;Ut  

( FLUX ( K 3 9 JGA4 9 29KE- 1 ) 9 K 3 = K  1 9 K2 ) 9 SUM 1 
1 9 ( FLUX ( K 3  3 JGA'4 I 2+KE 1 9 K 3 = K  1 9 K2 1 9 SUf l2  

?.'I? I T E 

I F  ( I E X T R A I  1 0 2 7 ,  1027,  10DO 

( 6 9 4 4 2  f ( FSUV ( K 3 t I r( 3 = 1 9 6 1 
9 3 0  CONT IUUE 

0200 

0 2 3 4  
U 2 0 5  
0 2 U 6  
0207 
0 2 0 8  
0 2 0 9  
U Z 1 0  
0 2 1 1  
1'212 
0 2 1 3  
3 2 1 4  
0 2 1 5  
9216 
6 2 1 7  
i) L 1 8 
3219 
u 2 2 3  
0 2 2  1 
0 2 2 2  
0 2 2 3  
3 2 2 4  
9 2  L 5 
U.226 
0 2 2 7  
L lZLU 
U 2 2 9  
U25 . j  
g 2 3 1  
U 2 3 2  
0 2 3 3  
0 2 3 4  
0 2 3 5  
0 2 3 6  
0 2 3  I 
0 2 3 8  
0 2 3 9  
0 2 4 0  
0 2 4 1  
0 2 4 2  
0 2 4 3  
U 2 4 4  
0 2 4 5  
0 2 4 6  
0 2 4 7  
0 2 4 8  
024Y 
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C PRINTIRjG OF 1 SET OF 2 P H I  ANGLES PER PAGE 
1OC3 K E l = I E I I \ I T V  

W R I T E  ( 6 r l Z Q ) E P R I Y T I K E l )  9 E P R I N T L K E l + l )  
:%!RITE (6922CI)  ( P P R I N T ( J 1  t P P R I N T ( J + l )  , J = 1 9 2 )  
30 1 0 1 5  J = l r 3  

1 3 1 5  FSUd( J)=O.O 
DO 1 3 2 5  J G A ' " = l r I G I Y T V  
SU"=O 0 0 
DO 1 0 2 0  I P H I = 1 9 2  
I P H I D = I P H I  + 4 + c ( I D T - l )  ' 
SUM = SU"1 + F L U X ( I P H I ~ J G A ! I , K E l )  

FSUrE, ( 3 1 =FSU\I ( 3 1 +SUM 
K 2 =  I P H I  D 
K l = K 2 - 1  
!qIR I T E 

1 0 2 0  F S U K ( I P H 1 )  = F S U Y ( I P H 1 )  + FLUX( IPHID ,JGAY,KE l )  

( 6 t 4 2 0  1 GPR I N  T ( J G A M + l )  9 ( FLUX ( K 3  9 JGA?4 9 K E 1 )  9 K3=Kl,K2)t S 
1UV 

1 0 2 5  CONTIQUE 
WRITE (6,44Z)(FSUM(Y3),K3=193) 

C SUY OVER ALL ENERGIES TO PRINT P H I  VS. G A M X A  -- 2PHI  ANGLES 
1027 DO 1 0 3 0  J G A M = l , I G I V T V  

DO 1 0 3 0  I P H I = l r 2  
1 0 3 0  FLUXE(IPHIIJGAY)=O.O 

DO 1 0 3 5  IP t - l I  = 1 9 2  
I P H I D  = I P H I  + 4 * ( 1 1 ) T - l )  
DO 1 0 3 5  J G A M  = 1, I G I N T V  
DO 1 0 3 5  KE = 1 9  I E I N T U  

i.1 K I T E 
>!l?ITE 
DO 1 0 4 0  J = l t 3  

DO 1 3 5 0  J G A V = l t I G I N T V  

DO 1 9 4 5  I P H I  = 1 9 2  
SU'I = SUY + FLUXF: ( I P t i I  9 J G A Y )  

1 0 3 5  FLUXE( IPd I , JGAY)=FLUXE(  I P H I  rJGAEI) + FLUX(  IPI i IL)rJGA:49KE) 
( 6 9 1 2 0 
( 6 1 2 2 0 )  ( P P I I I Y T (  J l  r P P R I M T ( J + l )  , J=1,2)  

EPIi I N T ( 1 1 9 EP l i  I N T t I E I IN T V+ 1 1 

1 0 4 0  FSUp1( J 1 = O  0 

SIJ?4=O.O 

1 0 4 5  FSU'I(  I P H I  1 = FSUY( I P H I )  + FLlJXE( I P H I  9JGAt.1) 
F S u r ~ ( 3 )  = ~ s u \ 4 ( 3 )  + SUM 
;!RITE ( 6 9 4 2 0 ) G ~ R I N T ( J G A Y + l )  9 (FLUXE(  I P H I 9 J G A M l  I P H I  = 1 9 2 1  9 5UM 

1050 C 9 Y T  I r\IUE 

1 0 9 0  COYTIPJUE 
!%dR I T E ( 6 9 4 4 2  1 ( F SUM ( K3 1 i K 3 ~ 1 . 9  3 ) 

53 TO 12r30 
C O'dE AZ1"'UTHAL ANGLE 

1 1 0 3  DO 1 1 9 5  I D T  = 1 9  YD 
>!RITE ( 6 9 5 0 1 ) I D T ,  X D l ( 1 D T ) t  Y D l ( I D T . ) r  Z D l ( 1 D T )  
30 1105 JSAfJ1 = 1 9  I G I I G T V  

DO 1119 KE = 1 9  I E I N T V  
1 1 0 5  ESiJ':( J G A ' I ) = O o O  

11 10 GSU'.I ( KE f =O 0 

0 2 5 0  
0 2 5 1  
02 
02 
0254 
0 2 5 5  
0 2 5 6  
0 2 5 7  
0 2 5 8  
0 2 5 9  
0 2 6 0  
0 2 6 1  
0 2 6 2  
0 2 6 3  
0 2 6 4  
9 2 6 5  
0 2 6 6  
0 2 6 7  
0 2 6 8  
U2b9  
d270 
02  I1 
0272 
0 2 7 3  
0 2 7 4  
0 2 7 5  
0 2 7 6  
0277 
0 2 7 8  
0 2 7 9  
0280 
0 2 8 1  
0 2 8 2  
028  3 
0 2 d 4  
0 2 8  5 
0 2 ? 6  
0 2 8 7  
0 2 8  8 
0 2 8 9  
0 2 9 0  
02.Y 1 
0 2 9 2  
029 3 
0 2 9 4  
0.295 
0 2 9 6  
0297 
0298 
0 2 9 9  
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I P t i I D  = 1+4*( I D T - 1 )  
K2=0 
I E l = I E I r U T V  
DO 1 1 1 5  JGAp4=19 I G I N T V  
DO 1 1 1 5  K E = l r I E I N T V  
ESU" ( JGA'vl) = ESUF.4 ( JGA"." + FLUX ( I PH I D  9 JGAM 9KE 1 

1 1 1 5  GSU'4(KE) = GSUY(KE) + FLUX( I P H I U ~ J G A M I K E )  
?.:E 1 =;.:E 

1117 I F  ( i ~ ( E 1 - 1 )  1120,  1 1 2 0 9  1 1 6 5  
1 1 2 0  I E l  = I E l + 1  

K l = K 2 + 1  
< 2 = I  E I N T V  
>!RITE ( 6 9 1 3 @ ) P P R I N T ( l ) ,  PPRINT( IPPMAX1 
l.IXITE ( 6 , 2 3 0 )  
,)RITE L 6 , 3 0 1 1 ( E P R I % T ( K 3 1 ,  K 3 = K l r K Z )  
K 4 = Y l + l  
Y 5 = K Z + l  
!dRITE ( 6 r 3 1 1 ) ( E P R I Y T ( K 3 1 , K 3 = K 4 , K 5 )  
GO T O  ~ 1 1 2 5 r 1 1 2 6 ~ 1 1 2 7 ~ 1 1 2 5 t 1 1 2 9 , 1 1 3 0 , l b 3 1 r 1 1 3 2 ~ f 1 3 3 ~ ~  I k 1  

GO TO 1 1 3 5  

GO T O  1 1 3 5  

GO T O  1 1 3 5  

GO T O  1 1 3 5  

GO T O  1 1 3 5  

Gr) TO 1 1 3 5  

G 3  T O  1 1 3 5  

59 T O  1 1 3 5  

C LESS THAI! 9 ENERGIES TO BE PRINTED. 

1 1 2 5  >!RITE ( 6 , 3 2 0 )  

1 1 2 6  >!RITE ( 6 , 3 2 1 )  

1 1 2 7  ,)!RITE ( 6 , 3 2 2 )  

1 1 2 8  ?!RITE ( 6 , 3 2 3 )  

1 1 2 9  \.!RITE ( 6 , 3 2 4 )  

1 1 3 0  !.!l?ITE ( 6 , 3 2 5 )  

1 1 3 1  ?!I?ITE ( 6 ~ 3 2 6 )  

1 1 3 2  !:'RITE ( 6 , 3 2 7 )  

1 1 3 3  ::'I?ITE ( 6 , 3 2 8 )  
1 1 3 5  30 1 1 5 3  JC7A.T = 1 2  I S I N T V  

1 142  ',!I< I TE ( 6 9 4 3 1 1 GPR I N T ( J GA&i+ 1 1 9 ESUM C JGAN 1 
GO T 3  ~ 1 1 4 0 ~ 1 1 4 1 ~ 1 1 4 2 ~ 1 1 4 3 , 1 1 4 4 r 1 1 4 5 , 1 1 4 6 , 1 1 4 7 ~ 1 1 4 8 ~ ~ 1 E 1  

SO TI) 1 1 5 Q  

G': T O  1150 
1 14 1 

1142 ; R I T E  ( 6 9 4 3 3 ) G P R I U T ( J G A b : + l )  , ( F L U X ( I P H I D r J G A ~ ~ , K 3 1 r K 3 = K 1 ,  K 2 )  9 ESUM( 

:*'9 I T E ( 6 9 4 3 2 GPR I Y T ( J GAP'+ 1 1 9 FLUX ( I PH I 0 9 JGAM 9 I E I FITV 1 9 €SUM ( J G A M  ) 

1 JSA'"  1 
GO TO 1 1 5 0  
'*.'R I T E 

1 J G A ' f  1 
GO TO 115'3 

1 14 4 !? R I T E ( 6 9 4 3 5 GP R I i 4  T ( J GAK+ 1 1 9 ( FLUX ( I Pi+ I D 9 J G  A M  9 K 3 ) 9 K 3 = K 1 9 K 2 1 9 ES UM ( 

1 1 4 3 ( 6 r 4 3 4 1 CP R I :\I T ( J SA #Y+ 1 1 9 ( FLU X ( I P rl I 0 9 J G Ab': 9 K 3 1 9 K 3 = K 1 9 K 2 1 9 ES UM ( 

0300 
0 3 0 1  
0 3 0 2  
0 3 0 3  
0 3 0 4  
0 3 0 5  
0 3 0 6  
0 3 0 7  

0 3 0 9  
0 3 1 0  
0 3 1 1  
0 3 1 2  
0313 
0 3 1 4  
0 3 1 5  
0 3 1 6  
0317 
0 3 1 8  
0 3 1 9  
0 3 2 0  
0 3 2  1 
U322 
0 3 2 3  
0 3 2 4  
0 3 2 5  
d 3 2 6  
0 3 2 7  
0 3 2 8  
0 3 2 9  
3331) 
0 3 3 1  
0 3 3 2  
0 3 3 3  
0 3 3 4  
0 3 3 5  
0 3 3 6  
0 3 3 7  
0 3 3 8  
0 3 3 9  
0 3 4 0  
0 3 4 1  
0 3 4 2  
0 3 4 3  
0 3 4 4  
0 3 4 5  
0 3 4 6  
0 3 4 7  
0 3 4 8  
0 3 4 9  

0 3 0 8  
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1 JGAY 1 
GO TO 1 1 5 0  

1 1 4 5  WRITE ( 6 , 4 3 6 ) G P R I N T ( J G A ~ + l ) , ( F L U X ( I p H I D , J C A M , K 3 ) ~ K 3 = K l ~  K2)v ESJM1 
1 JGAY) 

GO T O  1-150 
1146 lJRITE ( 6 , 4 3 7 ) G P R I N T ( J G A M + L ) , ( F L U X ( I ~ H I D ~ J G A N , K 3 ) ~ K 3 = K l 9  K 2 ) r  ESUM( 

1 JCAh' 1 
GO TO 1 1 5 0  

1 1 4 7  !?'RITE ( ~ ~ ~ ~ ~ ) G P R I ~ T I J G A M + ~ ) , ( F L U X L I P H I D I J G A K , K ~ ) I K ~ = K ~ ~  K 2 ) ,  ESUM( 
1 JGAV) 

GO TO 1 1 5 0  
1 1 4 g  '!%,'RITE ( 6 , 4 3 Y ) G P R I ~ T ( J G A M + l ) r ( F L V X ( I P H I D , J G A M I K 3 ) ~ K 3 = K l ,  K 2 ) r  €SUM( 

1 JG.4'1' 
1 1 5 3  CONTINUE 

SUY=r3.0 
3 0  1 1 5 1  K E = l r I E I N T V  

GO T O  ~11559115691157~1158,1159,1160r1161,11629~163~ 9 El  

GO TO 1 1 9 5  

GO T O  1 1 9 5  

GO T O  1 1 9 5  

G O  T O  1 1 9 5  

GO T O  1 1 9 5  

GO T O  1 1 9 5  

GO T O  1 1 9 5  

GO T O  1 1 9 5  

G O  T O  1 1 9 5  

1151 SU'4=SU" + G S U Y ( K E )  

1 1 5 5  >!'?ITE ( 6 9 4 5 1 ) S U Y  

1 1 5 6  '\:RITE ( b r 4 5 2 ) ( 5 S U ~ ( K E ) , K E = K l r K 2 ) ,  SUM 

1 1 5 7  >;RITE ( 6 9 4 5 3 )  ( C S U Y ( K E )  , K E = K L I K ~ )  9 SUY 

1 1 5 9  iJHITE ( 6 , 4 5 4 ) ( G S U \ I ( K E ) , K E = K 1 , K 2 ) ,  SUM 

1 1 5 9  >:RITE ( 6 9 4 5 5 ) ( G S U ~ ( K E ) r K E = K l r K Z ) ,  SUM 

1160 '>!RITE ( 6 9 4 5 6 )  (GSUV(KE)  r K E = K l , K 2 )  9 SUY 

1 1 6 1  i?'RITE ( 6 9 4 5 7 )  (GSU'J(KFT1 r K E = K l , K 2 )  9 SU?I 

1 1 6 2  !.:RITE ( 6 9 4 5 8 ) ( G S U Y ( K E )  t Y E = K l , K Z ) r  SUI4 

1 1 6 3  ( R I T E  ( 6 9 4 5 9  1 (T,SU*?1(KE) ,KE=Kl ,K2)  Y SUM 

C '. ' I" 'E Ef!ERGIES PER PAGE 
1 1 6 5  K1=K2+1 

K2=K1+3 
-!IIITE ( 6 9 1 3 0 ) P P R I N T ( l )  9 PPRINT(1PPMAX) 
'.;RITE ( 6 , 2 3 9 1  
! < R I T t  ( 6 , 3 O l ) ( E P ! ? I N T ( K 3 ) 9  K3= K l r K . 2 )  
< 4 = K l + l  
K 5 = K 2 + 1  
?!RITE ( 6 r 3 1 1 1 ( E P R I N T ( K 3 ) y K 3 =  K 1 9 K 2 )  
30 1 1 7 0  J G A V  = 1, I G I N T V  
k'l? I T E 

1 1 7 3 COI,! T I \!U E 
'*!I?ITE ( 6 9 4 4 3 )  (GSU?'(K3)  9 K3=Kl ,K2)  
'*4 E 1 = ' I E 1 - 1 

( 6 9 4 3 0  1 GP R I Y! T ( JGAM+ 1 ) 9 ( FLUX ( I PH I 0 9 JGAFl 9 K 3  ) 9 K 3= K 1 9 K 2  1 

0350 
0 3 5 1  
0352 
0353 
0354 
0355 
0 3 5 6  
0 3 5 7  
0 3 5 8  
0 3 5 9  
0 3 6 0  
0 3 6 1  
0 3 6 2  
0 3 6 3  
0 3 6 4  
0 3 6 5  
0 3 6 6  
0 3 6 7  
0 3 6 8  
0 3 6 9  
0370 
0 3 7 1  
0 3 7 2  
0 3 7 3  
0 3 7 4  
0 3 7 5  
0 3 7 6  
3 3 7 7  
0 3 7 8  
0 3 7 9  
0 3 8 0  
0313 1 
0 3 8 2  
0 3 8 3  
0 3 8 4  
0 3 8 5  
0 3 8 6  
0 3 8 7  
0 3 8 8  
0 3 8 9  
0 3 9 0  
0 3 9 1  
0 3 9 2  
0 3 9 3  
0 3 9 4  
0 3 9 5  
0 3 Y 6  
0 3 9 7  

0 3 9 9  
0 3 9  a 
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I E l =  I E l - 9  
GO TO 1 1 1 7  

1 1 9 5  CONTINUE 
% 1 2 3 0  NN = F\lN + 100 

DO 1530 I D T  = lrND 

DO 1 2 0 2  JGAM = l e 2 0  
DO 1 2 0 2  K E z 1 9 2 1  
DSUMA(JGAr4) = 000. 

WRITE (6,501) I D T g  X D l ( 1 D T ) r  Y D l ( 1 D T ) r  Z U l ( 1 U T )  
I F  ( I E I N T V o G T . 1 0 )  GO TO 1500 
WRITE ( 6 , 1 4 0 5 )  ( E P R I N T ( K E + l ) r K E ? l , l O )  

TDSUPl = 0.3 

1 2 0 2  DSU'\lE(JGAV,KE) = 0.0 

1 4 0 5  FORMAT ( / /  6 0 X  LOH DOSE RATE /2X 5HPOLAR 55X 6HENERGY / 
1 ZX SHANGLE/ 2X 5H(DEG)  6 X  1 0 ( F 5 * 2 , 5 X )  9 1 X  3HSUM / 1 

W R I T E  (691406)  
1 4 0 6  FORNAT ( 1 H  1 

DO 1416 JCAW = 1 , IGINTV 
DO 1 4 1 0  KE = 1, I E I N T V  
DSUME(JGA:4,11) = DSUME(JGAM911) + D O S E (  IDT,JGA?lrYE) 

TDSUM TDSUbd + DSUf.4E ( JGAM 9 11 
W R I T E ( 6 r 1 4 1 5 )  

1410 DSUPIA ( KE = DSUFIA ( KE ) + DOSE ( I D T  9 J G A Y  9 KE 1 

GPRINT(JGAbN1)  9 (DOSE(IDT,JGAM,KE) ,KE=1,10) 9 

1 DSUME ( J G A V  9 11 1 
1 4 1 5  F0R:IAT t 3X F 5 0 1 9 2 X  1 P l l E 1 0 . 3 )  
1416 CONT I VUE 

WRITE( 6 r 1 4 1 7  1 

GO TO 1 5 3 0  

DO 1 5 1 0  KE = 1 9  IEI rVTV 

TDSU'A = T'3SUY + DSUME( JGAblrKE) 

( DSUYAf K E )  r K E = l ,  10) + TOSUM 
1417 FOR'-lAT ( / 4 X  6HSUY r l P l l E 1 0 . 3 )  

1 5 0 0  DO 1 5 2 1  JGA^I = l r  I G I N T V  

9SUKE ( J G A Y  I 2 1 1 = DSUr'lE ( JGA'.192 1) + DOSE ( IDT 9 J G A M  r KE ) 

1 5 1 0  DSU'IeA(KE) = DSUYA(KE) + DOSE( I D T I J G A M ~ K E I  
1 5 2 1  C3NTIYUE 

l.IR I TE ( 6 9 15 2 0  1 ( E PI? I >IT ( K E+ 1 ) t KE= 1 9 1.0 1 
1 5 2 0  FORP."AT ( / /  6 O X  10H DOSE KATE /2X 5HPOLAR 55X 6HENEKGY / 

2X 5HANGLE / 2X 5 I i ( D E G )  6X 1 0 1 F 5 . 2 ~ 5 X )  / 
D3 1 5 2 4  JGA'4 =. 1, I G I N T V  

!d R I T E ( 6 9 14 1 7 
'.?'QITE ( 6 , 1 5 2 6 )  ( E P R I N T ( K E + l )  9 K E = l l 9 2 O )  

DO 1 5 2 7  JGAM = l r  I G I N T V  

USlJr.IE ( JGA'I 9 2 1 

1 5 2 4  WRITE ( 6 9 1 4 1 5 )  GPRINT(JGAV+l )  9 ( D O S E (  IDT,JGAMvYE) s Y E = l r l O )  
( I)SUYA ( K E 1 9 K E= 1 9 10 1 

1 5 2 6  FI)Rrv'AT( / / 1 2 X  l O ( F 5 0 2 9 5 X )  r l X  3HSUY 1 

1 5 2 7  ' N R I T E ( 6 , 1 4 1 5 )  GPRIXT(JGA!4+1) , ( D O S E (  IDTvJGAM,KE) ,KE= 1 1 9 2 0 )  r 
1 

W7 I T E ( 6 9 14 1 7  1 ( DSUYA ( K E f 9 K E= 1 1 9 20  1 9.T DSUt.1 
1 5 3 3  CDYTIF'iUE 

1 3 5 0  F O R Y A T ( 1 5 H l t N D  OF PROBLEM r A 4 r  I 2  1 
WRITE ( 6 9 1 3 5 0 ) P I D ,  "14 

0 4 0 0  
0 4 U 1  
0 4 0 2  
0 4 0 3  

0404 
0 4 0 5  
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04136 
0407 
3 4 0 3  
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I11 ANALYSIS CODE A02 

The h i s t o r y  tapes  containing a l l  t h e  p e r t i n e n t  d e t a i l s  of each 

p a r t i c l e  c o l l i s i o n  can be used i n  t h e  Analysis Code, A02, t o  calculate 

t h e  p a r t i c l e  f l u x  w i t h i n  a region and t h e  p a r t i c l e  leakage from t h e  

def ined geometry. The A02 code c a l c u l a t e s  t h e  t o t a l  f l u x  w i t h i n  each 

region of t h e  def ined geometry, while  t h e  A01 code c a l c u l a t e s  only 

the  s c a t t e r e d  f l u x  a t  each d e t e c t o r  po in t .  

The p a r t i c l e  leakage c a l c u l a t e d  by t h e  A02 code i s  p ropor t iona l  

t o  t h e  number cu r ren t  r a t h e r  than t h e  f lux .  An opt ion is provided 

f o r  p r i n t i n g  ou t  t h e  p a r t i c l e  leakage o r  f o r  recording t h e  leakage 

d a t a  on t a p e  f o r  f u t u r e  use as an approximate p o i n t  source.  I f  a 

leakage t ape  i s  w r i t t e n ,  i t  may be used as i n p u t  i n t o  t h e  History 

Generator Code o r  read as a SOURCE tape  with t h e  C O 1  Tape Read Code. 

3 .1  Flux Within a Region 

The expec ta t ion  f l u x  f o r  each region is computed from a knowledge 

of t h e  p a r t i c l e ' s  weight, energy and d i r e c t i o n  a f t e r  each c o l l i s i o n  

and from t h e  l eng th  of t h e  p a r t i c l e ' s  pa th  through each region i n t e r -  

s e c t e d  by t h e  path.  The weight of t h e  p a r t i c l e  emerging from a c o l l i -  

s i o n  is denoted by W. The p r o b a b i l i t y  t h a t  t h e  p a r t i c l e  w i l l  undergo 

a c o l l i s i o n  w i t h i n  t h e  d i s t a n c e  S through t h e  region J which contains  

t h e  c o l l i s i o n  p o i n t  i s  def ined as 

where C 

t h e  energy E of t h e  p a r t i c l e .  

(E) is  t h e  t o t a l  macroscopic c ros s  s e c t i o n  f o r  r eg ion  J a t  
J ,T  
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The average expec ta t ion  track l eng th  through region J f o r  t h e  p a r t i -  

cle i s  given by 

The weight of a p a r t i c l e  e n t e r i n g  region number K, a region n o t  con- 

t a i n i n g  t h e  c o l l i s i o n  p o i n t ;  i s  

-EXP W ' = W e  , 
where EXP is t h e  sum of t h e  mean f r e e  pa ths  t r a v e l e d  by t h e  p a r t i c l e  

along t h e  f l i g h t  pa th  be fo re  i n t e r s e c t i n g  a boundary of 

region K. 

The average expec ta t ion  t r a c k  l eng th  through region K i s  

h Y  1 

The expec ta t ion  t r a c k  l eng th  through region K when t h e  material i n  

t h e  region i s  a vacuum is  

TLK = W'S. 

The expec ta t ion  f l u x  f o r  a region i s  p ropor t iona l  t o  t h e  sum of t h e  

average expec ta t ion  t r a c k  l eng ths  i n  t h e  region f o r  a l l  p a r t i c l e s  

t h a t  have a non-zero p r o b a b i l i t y  of reaching t h e  region. 

The average expec ta t ion  t r a c k  l eng th  pe r  u n i t  source s t r e n g t h  

i n  each r eg ion  i s  obtained by d iv id ing  t h e  sum of t h e  t r a c k  l eng ths  

i n  t h e  r eg ion  by t h e  number of source par t ic le  h i s t o r i e s  from which 

t h e  h i s t o r y  t ape  w a s  generated.  

The expec ta t ion  f l u x  p e r  u n i t  source s t r e n g t h  f o r  a region can 

be  obtained by d iv id ing  t h e  average expec ta t ion  t r a c k  l eng th  p e r  

u n i t  source s t r e n g t h  i n  t h e  region by t h e  volume of t h e  region. The 

q u a n t i t y  computed by program A02 i s  t h e  average expec ta t ion  t r a c k  
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leng th  p e r  u n i t  source s t r e n g t h  f o r  each region. 

p r i n t e d  as a func t ion  of t h e  energy groups def ined f o r  t h a t  purpose i n  

t h e  program input .  

This q u a n t i t y  i s  

3.2 P a r t i c l e  Leakage 

The weight of a p a r t i c l e  e n t e r i n g  t h e  unbounded r eg ion  after 

undergoing a c o l l i s i o n  i n  a bounded region, is  def ined by 

-EXP W R = W e  , 
where EXP = t h e  sum of t h e  mean f r e e  paths  t r a v e l e d  by t h e  p a r t i c l e  

between t h e  c o l l i s i o n  p o i n t  and t h e  boundary of Region 2,  

W = t h e  p a r t i c l e  weight following t h e  c o l l i s i o n ,  and 

WR = an e s t ima to r  of t h e  number c u r r e n t  leaking ou t  of t h e  

bounded regions.  

The sum of t h e  q u a n t i t i e s  WR computed from each c o l l i s i o n  is 

normalized by d iv id ing  by t h e  t o t a l  number of source p a r t i c l e s  

followed. When t h e  inpu t  parameter LSO = 1, t h e  normalized number 

cu r ren t  leaking o u t  i n t o  t h e  unbounded region is  p r i n t e d  as a func- 

t i o n  of t h e  energy E a f t e r  c o l l i s i o n  and t h e  ang le  cos y o  The re- 

s u l t s  s o  obtained can be used as t h e  energy and angular  d i s t r i b u t i o n  

of a p o i n t  source r e p r e s e n t a t i o n  of t h e  system. 

i s  prepared t h a t  con ta ins  f o r  each c o l l i s i o n  t h e  following q u a n t i t i e s :  

-1 

When LSO = 2, a t ape  

particles /sec 
WR = normalized number c u r r e n t  ( 1, source p a r t i c l e / s e c  

NR1 = number of r eg ion  from which t h e  p a r t i c l e  en te red  Region 2, 

X,Y,Z = coordinates  of t h e  en t r ance  p o i n t  i n t o  Region 2, 

a,B,y = d i r e c t i o n  cos ines  of t h e  p a r t i c l e ,  

E = energy of t h e  p a r t i c l e  as i t  e n t e r s  Region 2. 

When LSO = 0, no leakage d a t a  are computed. 
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3.3 U t i l i z a t i o n  of Analysis Code A02 

The purpose of t h e  Analysis Code, A02, i s  t o  c a l c u l a t e  t h e  number 

of t r a c k  l eng ths  i n  each r eg ion  of t h e  def ined geometry. 

f l u x  may be  obtained by d iv id ing  t h e  number of  t r a c k  l eng ths  i n  a re- 

gion by t h e  volume of t h e  region. I n  add i t ion ,  t h e  angu la r  d i s t r i b u -  

t i o n  of t h e  c u r r e n t  leaking from t h e  e n t i r e  system may be obtained i n  

t h e  event t h a t  i t  is d e s i r e d  t o  desc r ibe  an equ iva len t  p o i n t  source.  

The t o t a l  

The code requires  as inpu t  a HISTORY tape  o r ,  i f  t h e  problem in- 

volves  more than one energy super-group, a SORTED tape.  The HISTORY 

o r  SORTED tape  f u r n i s h e s  information generated by t h e  Hi s to ry  Genera- 

t o r  Code, g iv ing  d a t a  concerning c o l l i s i o n  p o i n t s  t h a t  w e r e  d i s t r i b u t e d  

throughout t h e  descr ibed geometry by t h e  Monte Carlo method. 

cases t h e  geometry and cross-sect ion d a t a  necessary f o r  i npu t  i n t o  t h e  

A02 code w i l l  be t h e  same as t h a t  used i n  a p rev ious ly  run h i s t o r y  

gene ra t ion  problem. Therefore,  many of t h e  l i b r a r y  decks used i n  t h e  

K O 1  problem may a l s o  be used i n  t h e  A02 problem. 

I n  most 

3.3.1 Operator I n s t r u c t i o n s  

The A02 code may u s e  as many as f o u r  t ape  u n i t s  i n  a d d i t i o n  t o  

Input t h e  r e g u l a r  i n p u t  and output  l o g i c a l  t ape  u n i t s  5 and 6 .  

HISTORY o r  SORTED tapes  should be loaded on l o g i c a l  t ape  u n i t s  1 and 

2 be fo re  s t a r t i n g  t h e  problem. I f  t h e r e  is  only one i n p u t  HISTORY 

o r  SORTED tape,  i t  should b e  loaded on l o g i c a l  u n i t  1. I f  c r o s s  

s e c t i o n s  are i n p u t  on cards ,  they w i l l  be  t r a n s f e r r e d  t o  t h e  t a p e  on 
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l o g i c a l  u n i t  9 and, i f  desired,  t h e  ope ra to r  may be i n s t r u c t e d  t o  save 

and l a b e l  t h e  t ape  on l o g i c a l  u n i t  9. The opera to r  should be  informed 

t h a t  l o g i c a l  t ape  u n i t s  3 and 9 may be used during t h e  process  of run- 

ning a problem wi th  t h e  A02 code. 

3 . 3 . 2  A02 Inpu t -Da ta  Formats 

The ca rds  making up t h e  problem i n p u t  and t h e  l i b r a r y  d a t a  f o r  A02 

must be  sequenced i n  columns 69 through 72. The f i r s t  ca rd  of each 

problem inpu t  o r  l i b r a r y  d a t a  deck must have a 0001 i n  t h e s e  columns 

and each succeeding card must con ta in  t h e  numbers i n  inc reas ing  sequence, 

I n  a d d i t i o n  t h e  numbers i n  columns 67 and 68 of a l l  ca rds  w i t h i n  a 

deck must be 00 f o r  problem inpu t  d a t a  o r  t h e  l i b r a r y  number f o r  l i b r a r y  

d a t a  decks. 

t h e  sequence of ca rds  as they are read i n  and t o  check t o  determine 

whether a l l  ca rds  i n  a deck have t h e  c o r r e c t  number i n  columns 67 and 

I n s t r u c t i o n s  are included i n  t h e  COHORT r o u t i n e s  t o  v e r i f y  

68. I f  t h e  program d e t e c t s  a card out  of sequence o r  an i n c o r r e c t  

number i n  columns 67 and 68, an error statement w i l l  be  p r i n t e d  and 

t h e  problem w i l l  b e  terminated. 

3 . 3 . 2 . 1  A02 Problem Inpu t  Data 

Each problem run on t h e  Analysis Code, A02, w i l l  r e q u i r e  a problem 

inpu t  d a t a  deck which must be placed immediately behind t h e  "data" 

card t h a t  s e p a r a t e s  t h e  b ina ry  and d a t a  decks. 

i n  preparing an A02 problem deck is  given i n  Table I X .  

The format t o  b e  used 
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TABLE I X  

A02 Problem Input Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 315,E10.4 IEPMAX 
715 

IGPMAX 

LSO 

ELOCUT 

NEL 

NG 

NHT 

NREG 

NUB 

- Number of ene rg ie s  bounding p r i n t o u t  d1 
energy groups 

Number of ang le s  bounding p r i n t o u t  d1 
p o l a r  ang le  groups 

P r i n t o u t  op t ion  

LSO = 0, Only t r a c k  l eng ths  ve r sus  re- 
gion and p a r t i c l e  energy w i l l  
be p r i n t e d .  

LSO = 1, The number c u r r e n t  leaking 
from a system ve r sus  ang le  
and energy w i l l  be p r i n t e d  
as w e l l  as t h e  t r a c k  l eng ths  
ve r sus  r eg ion  and energy. 

when LSO = 1 and, i n  add i t ion ,  
a t ape  is  w r i t t e n  giving: the 
number cu r ren t ,  t h e  region 
number of t h e  last region be- 
f o r e  escaping i n t o  a vacuum, 
t h e  f i n a l  p a r t i c l e  energy, t h e  
coordinates  of t h e  p a r t i c l e  a t  
t h e  ex i t  po in t ,  and the d i r ec -  
t i o n  cosines .  

LSO = 2,  The same p r i n t o u t  is  given as 

Lower cutoff  energy 

Number of elements 

Type of par t ic le  

NG = 0, neutrons 
NG = 1, gamma rays  
NG = 2, secondary gamma r a y s  

Number of i n p u t  HISTORY o r  SORTED &2 
t apes  

Number of geometr ical  r eg ions  550 

Number of boundaries bounding t h e  a 0  
o u t s i d e  region 
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TABLE I X  (continued) 

Input  

NLIB Number of inpu t  l i b r a r i e s  (The code 
compares t h i s  number w i t h  t h e  a c t u a l  
number of l i b r a r i e s  suppl ied and wi th  
t h e  number t h a t  i s  c a l c u l a t e d  t o  b e  
necessary using o t h e r  i npu t  da t a .  I f  
t h e  t h r e e  numbers are no t  t h e  same, 
t h e  code w i l l  give* an e r r o r  p r i n t . )  

NMAT Number of materials a 
2 1H,A6,A3 H(l),H(2) Label on inpu t  h i s t o r y  t apes  (usua l ly  

lX,A6,A3,815 HISTORY o r  SORTED) 

HE(l),HE(2) Label on output  leakage t apes  (usual ly  
LEAKAGE) 

J2NO Tape number t o  be assigned t o  a 
LEAKGE t a p e  

NSG Number of energy super-groups c2 0 

I Q I D  Tape number of cross-sect ion t apes  
( I F  c r o s s  s e c t i o n s  are inpu t  on cards  

blank. ) 
r a t h e r  than t apes ,  leave t h i s  f i e l d  

NHIST Number of h i s t o r i e s  

MKREC(1) Number of records on last  HISTORY or 
SORTED tape  t h a t  i s  t o  be  i n p u t  

MKREC(2) Number of sets of c o l l i s i o n  d a t a  i n  
t h e  last  record of t h e  last HISTORY 
o r  SORTED tape  t o  be inpu t  

ISRCTP HISTORY o r  SORTED tape  op t ion  

ISRCTP = 0, HISTORY o r  SORTED tape  is  
a v a i l a b l e  

ISRCTP = 1, c o l l i s i o n  d a t a  w i l l  be  
inpu t  on ca rds  r a t h e r  than 
t a p e  (An AO1, A02 l i b r a r y  
i s  needed,) 

NTAP Cross-section t a p e  opt ion 

NTAP = 0, c r o s s  s e c t i o n s  no t  on t ape  
NTAP = 1, c r o s s  s e c t i o n s  w i l l  be inpu t  

on t a p e  
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TABLE I X  (continued) 

Input 
Card Format I t e m  D e f i n i t i o n  L i m i t  

( I f  cross s e c t i o n s  are on tape,  l i b r a r y  
6 is  no t  needed; otherwise,  a l i b r a r y  6 
i s  needed f o r  each super-group of every 
element. Cross-section t apes  w r i t t e n  
by t h e  H01 code w i l l  n o t  be  accepted as 
inpu t  i n t o  t h e  A02 code. 

' 

3 

4 

5 

E10.4 EPSL Small increment used t o  move a p a r t i c l e ' s  
p o s i t i o n  o f f  a boundary. 
when added t o  t h e  l a r g e s t  d i s t a n c e  t o  a 
boundary t h a t  is  a n t i c i p a t e d  i n  t h e  given 
problem, should change t h a t  d i s t a n c e  i n  
t h e  f i r s t  e i g h t  s i g n i f i c a n t  f i g u r e s . )  

(This value,  

3110 MHTAPE(K) Input HISTORY o r  SORTED t ape  number 
(K = 1, NHT). I f  one of  t h e  t apes  is  
only p a r t i a l l y  f i l l e d ,  t h e  number of 
t h a t  t pae  should be  t h e  l as t  one l i s t e d .  

JSENSE Intermediate  p r i n t o u t  opt ion 

JSENSE = 0, do not  p r i n t  ou t  i n t e rmed ia t e  

JSENSE = 1, do p r i n t  out  i n t e rmed ia t e  d a t a  
p r i n t  d a t a  

(JSENSE should be  0 i f  number of h i s t o r i e s  
i s  g r e a t e r  than 50.) 

6E10.0 BEGGER(K,M) Number of sets of c o l l i s i o n  d a t a  +.5 f o r  
super-group M on HISTORY o r  SORTED 
t ape  K. (If NHT = 0, omit ca rds  with 
BEGGER(K,M) va lues . )  

Follows 1215 IETAB(K) Number of t abu la t ed  c r o s s  s e c t i o n s  2100 
last f o r  super-group K 
BEGGER(K,M) ca rd  

Follows 6E10.0 EPRINT(K) Energies bounding p r i n t o u t  energy K=l,IEPMAX 
last  groups (ascending order .  The f i r s t  
IETAB (K) energy bound should be  t h e  minimum 
ca rd  energy f o r  t h e  problem and t h e  re- 

maining values  should be t h e  upper 
bounds f o r  t h e  f i r s t  t o  t h e  l as t  
p r i n t o u t  energy groups.) 
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TABLE I X  (continued) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

Follows 6E10.0 
last 
EPRINT (K) 
card 

* 
Follows 4E10.4 
l as t  
GPRINT (K) 
card 

Follows 6E10.0 
last 
EGRP (K) 
card 

Follows 6E10.0 
las t  
ESI (K) 
card 

Follows 6E10.0 
l a s t  
ATWT (K) 
card 

Follows 6110 
last  
DN(J ,K)  c a rd  

Follows 6K10 
last 
NB(K) ca rd  

GPRINT (K) 

EGRP (K) 

EMAX (K) 

ESI (K) 

ATWT (K) 

DN(J,K) 

NB (K) 

MATREG (K) 

Angles bounding t h e  p r i n t o u t  p o l a r  K=l,IGPMAX 
angle  groups (degrees,  ascending 
o rde r ,  The f i r s t  va lue  i s  t h e  lower 
bound of t h e  f i r s t  ang le  group and 
t h e  remaining va lues  are t h e  upper 
bounds of t h e  f i r s t  through t h e  l as t  
groups. 

Lower energy bound f o r  energy group 
K 

K=l,NSG 

Upper energy bound f o r  energy group 
K 

K=l,NSG 

Energy below which e las t ic  scatter- 
ing is  i s o t r o p i c  i n  t h e  center-of- 
mass system f o r  element K. (These 
values  are no t  r equ i r ed  f o r  a gamma 
c a l c u l a t i o n ,  but  a blank space must 
be l e f t  f o r  each element of t h e  problem,) 

K=l,NEL 

Atomic weight of elefhent K, (These K=l,NEL 
values  must be l i s t e d  i n t h e  same o rde r  
t h a t  they were l i s t e d  i n  t h e  H01 prob- 
l e m  t h a t  wrote t h e  t apes  used as inpu t  
i n  t h i s  problem.) 

Atomic dens i ty  of element K i n  K=l ,NEE 
material J. K varies most r ap id ly ;  J=l,NUMAT 
s ta r t  new card f o r  each material, 

Number of boundaries de f in ing  K-1 II NREG 
region K 

Material i n  r eg ion  K K = l  , NREG 

* Reading order:  (EGRP(K) , EMAX(K), K=l,NSG) 

3.3.2.2 Library One: H01, A01, A02 Codes 

Library one con ta ins  information desc r ib ing  boundaries f o r  t h e  

COHORT codes H01, A 0 1  and A02. I f  A01, A02 and H01 problems are being 
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run f o r  t h e  same geometry, t h e  same l i b r a r y  deck 1 may be used i n  t h e  

inpu t  i n  a l l  t h r e e  codes. I n  desc r ib ing  t h e  boundaries,  t h e  o u t s i d e  

boundaries must be descr ibed f i r s t .  A boundary should n o t  be  used 

both as an i n s i d e  and o u t s i d e  boundary because once t h e  program d i s -  

ce rns  t h a t  a p a r t i c l e  has crossed an o u t s i d e  boundary from a n  i n s i d e  

region, t h e  t r ack ing  of t h e  p a r t i c l e  is terminated. I f  t h e  geometry 

i s  such t h a t  a boundary i s  both a n  o u t s i d e  and an i n s i d e  boundary, 

i t  should be  def ined t w i c e ,  f i r s t  as an o u t s i d e  boundary and later 

as an i n s i d e  boundary. The formats t o  be  used i n  making up a l i b r a r y  

one deck are given i n  Table X. 
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TABLE X 

Library One Input  Data Format 

( f o r  Columns 1 through 62) 

Input 
Card Format It e m  Def in i t i on  Lfmi t 

1 2110 LIBT Type of l i b r a r y  t o  be read i n  =l 
(LIBT = 1 f o r  l i b r a r y  one) 

2 

NBD Number of boundaries descr ibed f n  5 
l i b r a r y  one (maximum of 150) 

The next  NUB cards  should conta in  t h e  boundary d e s c r i p t i o n s  
f o r  t h e  NUB ou t s ide  boundaries of t h e  geometry being descr ibed,  

110, IBT(K) Type of boundary f o r  boundary K K= 1, NBD 
5E10.4 

* 

IBT(K) = 1, sphere,  e l l i p s o i d  o r  

IBT(K) = 2, paraboloid 
IBT(K) = 3, cones 
IBT(K) = 4 ,  cy l inde r s  
IBT(K) = 5, p lane  containing Z a x i s  
IBT(K) = 6 ,  plane perpendicular  t o  Z a x i s  
IBT(K) = 7, plane  perpendicular  t o  X a x i s  
IBT(K) = 8, plane perpendicular  t o  Y axis 
IBT(K) = 9, a r b i t r a r i l y  o r i en ted  plane 

hyperboloid 

3.3.2.3 Library Two: H01, AO1. A02 Codes 

I n  Library Two t h e  va r ious  i n s i d e  reg ions  i n  t h e  geometry under 

cons idera t ion  are descr ibed by g iv ing  t h e  boundary numbers t h a t  en- 

circle each of t h e  regions.  I f  t h e  same geometry i s  being considered 

i n  H01, A01 and A02 problems, then t h e  same l i b r a r y  type 2 may be used 



i n  t h e  inpu t  of a l l  t h r e e  codes. The material w i t h i n  any one r eg ion  w i l l  

be  taken t o  be a homogeneous mixture.  The History-Generator Code and 

t h e  Analysis Code (A02) c a l c u l a t e  r e s p e c t i v e l y  energy depos i t i ons  and 

t r a c k  l eng ths  w i t h i n  regions;  so  t h e  s i z e  of t h e  regions should be  

chosen t o  g i v e  t h e  b e s t  s ta t i s t ica l  r e s u l t s .  The codes assume t h a t  t h e  

f i r s t  region descr ibed i s  t h e  source region. It i s  no t  necessary t h a t  

a l l  source p a r t i c l e s  o r i g i n a t e  i n  t h i s  region,  bu t  t h e  problems w i l l  

run more economically i f  most of t h e  particles o r i g i n a t e  wi th in  t h i s  

region. Region 2 is  understood t o  be t h e  o u t s i d e  r eg ion  and is  n o t  

descr ibed i n  t h i s  l i b r a r y .  

des i r ed ,  b u t  d i f f e r e n t  arrangements may prove t o  be more economical, 

s i n c e  upon a p a r t i c l e ' s  c ros s ing  a boundary, a sea rch  i s  performed 

beginning with t h e  most probable  region of e n t r y  ac ross  t h a t  boundary 

and cycl ing through t h e  r eg ions  i n  t h e  o rde r  they are inpu t  from t h a t  

p o i n t  u n t i l  t h e  region containing t h e  p a r t i c l e ' s  l o c a t i o n  is  found. 

I n  many ins t ances ,  i t  may no t  be f e a s i b l e  t o  o b t a i n  t h e  optimum 

arrangement of t h e  o r d e r  i n  which t h e  regions should be inpu t ,  bu t  an 

e f f o r t  should always be made t o  cause t h e  code t o  do as l i t t l e  search- 

I n s i d e  regions may be l i s t e d  i n  any o r d e r  

i ng  as poss ib l e .  

Boundaries used i n  desc r ib ing  a region should n o t  extend i n t o  

t h e  region. That is, an area such as t h a t  depicted below should n o t  

a 

I 
b 

C 
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be descr ibed as one region because boundaries e and d extend i n t o  t h e  

region. The codes c a l c u l a t e  t h e  d i s t a n c e s  from a p a r t i c l e ' s  l o c a t i o n  

i n s i d e  a region t o  each boundary surrounding t h a t  region and assume 

t h a t  t h e  least p o s i t i v e  d i s t a n c e  is t h e  d i s t a n c e  t o  t h e  o u t e r  edge of 

t h e  r eg ion  measured along t h e  d i r e c t i o n  t h e  p a r t i c l e  i s  moving. I f  a 

boundary extends i n s i d e  a region, i t  would be p o s s i b l e  t o  move t h e  

p a r t i c l e ' s  l o c a t i o n  through t h i s  least p o s i t i v e  d i s t a n c e  and s t i l l  

no t  have moved t h e  p a r t i c l e  t o  t h e  o u t e r  edge of t h e  region, The re- 

gion dep ic t ed  above should be divided i n t o  two regions s o  t h a t  t h e  

boundaries surrounding e i t h e r  of t h e  two regions would n o t  extend 

i n t o  t h e  region being surrounded. One such region would be t h a t  

surrounded by boundaries a, f ,  e and b; t h e  o t h e r  region would be 

t h a t  surrounded by boundaries e, d, c and b o  

Care should be  taken t o  prevent a r e f l e c t e d  region from appear- 

i ng  i n  t h e  descr ibed geometry. 

n o t  descr ibed i n  t h e  i n p u t  b u t  exists because t h e  condi t ions r equ i r ed  

f o r  a p a r t i c l e  t o  be i n  a region are s a t i s f i e d  f o r  some reg ion  des- 

c r ibed  elsewhere i n  t h e  configurat ion.  

an example of t h e  s i t u a t i o n .  

A r e f l e c t e d  region is  one which is  

The ske tch  below i l l u s t r a t e s  
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I f  t h e  above f i g u r e  i s  r o t a t e d  about t h e  Z axis,  r eg ion  1 w i l l  form 

a cone which i s  t h e  desc r ibed  region,  and region 1 A  w i l l  form a cone 

which i s  t h e  r e f l e c t e d  region.  Any p a r t i c l e s  i n  t h e  cone formed by 

region lA w i l l  s a t i s f y  t h e  cond i t ions  t h a t  are required f o r  a p a r t i c l e  

t o  be i n  region 1. To avoid t h e  d e s c r i p t i o n  of a r e f l e c t e d  region,  a n  

a d d i t i o n a l  boundary should be used i n  desc r ib ing  region 1. This bound- 

a r y  need n o t  border region 1 b u t  should be placed between regions 1 and 

1 A  so  t h a t  a l l  p o i n t s  i n  region 1 would l i e  on one s i d e  of t h e  boundary 

and p o i n t s  i n  region 1 A  would l i e  on t h e  o the r  s i d e  of t h e  boundary. 

Table X I  shows t h e  format t o  be used i n  preparing a l i b r a r y  type 2. 

TABLE X I  

Library Two Input  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 I10 LIBT Type of l i b r a r y  t o  be read i n  =2 
(LIBT = 2 f o r  t h i s  l i b r a r y )  

2 1215* IBN(K,N) The n t h  boundary surrounding region K = l  & 3 ,  
K ( see  NOTE below) NREG, K#2 

MPR(K,N) The most probable region of e n t r y  
ac ross  t h e  n t h  boundary from region K 

* Reading order:  ( ( I B N ( K , N ) ,  MPR(K,N), N=l,NB(K)), K = l  & 3,  NREG) 

I f  Region K has fewer than seven boundaries,  a second ca rd  
f o r  t h a t  r eg ion  is  unnecessary. 
mum necessary f o r  any region,  s i n c e  t h e  maximum number of 
boundaries e n c i r c l i n g  a region i s  nine.  
of regions f o r  any one problem i s  50. 

Two ca rds  w i l l  be  t h e  m a x i -  

The maximum number 

NOTE: The boundary numbers must be given a s i g n  t h a t  corre- 
sponds t o  t h e  s i g n  of XR which i s  c a l c u l a t e d  as shown 
i n  t h e  t e x t .  
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3.3.2.4 Library  Five: A01, A02 Codes 

Library  f i v e  is omit ted i f  t h e  va lue  ISRCTP i n  t h e  problem inpu t  

d a t a  is  zero. 

p o i n t s  and i s  used i n  l i e u  of an i npu t  HISTORY o r  SORTED t ape  when 

more c o n t r o l  over i npu t  v a r i a b l e s  is  des i r ed  f o r  cheekout purposes.  

The c o l l i s i o n  parame;ters t h a t  are entered  i n t o  t h e  code through l i b r a r y  

f i v e  should be s o r t e d  according t o  energy s o  t h a t  those  sets of para- 

meters f o r  t h e  ene rg ie s  i n  t h e  f i r s t  super-group are read i n  f i r s t ,  

those  i n  t h e  second group next ,  and s o  on. The format t o  be used 

when prepar ing  a l i b r a r y  type  5 d a t a  deck is  shown i n  Table X I I .  

L ibrary  f i v e  supp l i e s  information f o r  up t o  20 c o l l i s i o n  

TABLE X I 1  

L ibrary  Five Input  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  Def in i t i on  L i m i t  

1 110, lox, LIBT Library  type (LIBT = 5 f o r  t h i s  

2 

I 5  

6E10.0* 

3 3E10.0* 
I10 
E10.8 

* Reading 

l i b r a r y )  

ISRCRC Number of c o l l i s i o n s  f o r  which <20 
c o l l i s i o n  parameters are t o  be 
read i n  

x1 (K) 

z1 (K) 

A0 (K) 

Y 1  K) Coordinates of c o l l i s i o n  p o i n t  

BO (K) 
co (K) d i r e c t i o n  before  c o l l i s i o n  

EO (K) 

A (K) 

Di rec t ion  cos ines  of particle's 

Particle 's  energy be fo re  c o l l i s i o n  

Atomic weight of element wi th  which 
c o l l i s i o n  occurred 

w 1  (K) P a r t i c l e ' s  weight 

NRl(K) 

EXl(K) 

Region i n  which c o l l i s i o n  occurred 

Exc i t a t ion  level of t a r g e t  nucleus 

order: (Xl(K), Yl(K), Zl(K), AO(K), BO(K), CO(K), EO(K), 
A(K), Wl(K), NRl(K), EXl(K), K=l,ISRCRC) 
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3.3.2.5 Library Six: H01, A01, A02 Codes 

A l i b r a r y  s i x  is  required f o r  each energy super-group f o r  every 

element. This l i b ra ry ,  f o r  which the  input  format is  given i n  Table 

X I I I ,  gives the  t o t a l ,  s ca t t e r ing ,  and elastic cross  sec t ions  f o r  neu- 

t rons  o r  the t o t a l ,  Compton.plus p a i r  production, and Compton cross  

sec t ions  f o r  gamma rays f o r  a r b i t r a r i l y  spaced energy poin ts  within 

the  energy super-group. Only the  t o t a l  neutron o r  gamma-ray cross  

sec t ions  are necessary f o r  t h e  A01 and A02 codes, but  i f  a l i b r a r y  

has been made up f o r  the H01 code, i t  may be used "as is" i n  the  input  

f o r  the A 0 1  and A02 codes. The range and spacing of t he  energy poin ts  

within a given energy super-group must be the  same f o r  the  d i f f e r e n t  

elements. The cross  sec t ions  are l i s t e d  f i r s t  f o r  t he  highest  energy 

of t he  group and then i n  descending order  t o  the  lowest energy of the  

group e 

Librar ies  type 6 may be loaded behind t h e  problem input da ta  i n  

any order, s ince  the  codes w r i t e  t he  cross-section da ta  on tape as i t  

is  read i n  and then rearranges the  da ta  according t o  super-group a f t e r  

a l l  l i b r a r y  da t a  are read in .  
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TABLE X I 1 1  

Library S ix  Input  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  Def in i t i on  L i m i t  

1 2I1OY2I5 LZBT Library type (LIBT = 6 f o r  t h i s  =6 
l i b r a r y )  

K Number of energy p o i n t s  a t  which a00 
c ross  sec t ions  are read i n  

J Element number (Elements are num- 
bered i n  t h e  order  t h a t  t h e i r  atomic 
weights are l i s t e d  i n  t h e  problem 
input  da ta . )  

L Energy super-group number (Energy 
super-groups must be numbered begin- 
ning wi th  t h e  group of h ighes t  energ ies  
as Group 1 and increas ing  t h e  group 
number as t h e  energ ies  wi th in  t h e  
groups decrease.)  

2 4E10.0* ENERGY (M) Energy p o i n t s  (descending order )  wi th in  
through a super-group a t  which c ross  s e c t i o n s  
M+1 a r e  def ined.  (These energ ies  should be 

t h e  same f o r  a l l  l i b r a r y  s i x e s  f o r  a 
given super-group ) 

TM(J,M) To ta l  microscopic c ros s  s e c t i o n  f o r  ele- 
ment J (M = 1 t o  K) 

NRG = 0, neutron c ross  s e c t i o n s  
NRG = 1, gamma-ray c ross  s e c t i o n s  

/ 

SM(J,M) Microscopic s c a t t e r i n g  c ros s  s e c t i o n  
f o r  element J (M = 1 t o  K) 

NRG = 0, neutron s c a t t e r i n g  c ros s  s e c t i o n  
NRG = 1, gamma-ray Compton p l u s  p a i r  

production c r o s s  s e c t i o n  

ESM(J,M) Microscopic elastic c ross  s e c t i o n  f o r  
neutrons o r  Compton s c a t t e r i n g  c ros s  
s e c t i o n  f o r  gammas f o r  element J (M = 1 
t o  K) 

* Reading order:  (ENERGY(M) , TM(J,M) , SM(J,M) , ESM(J,M) , M=l,K) 
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3.4  A02 Sample Problem 

The A02 sample problem given i n  t h i s  s e c t i o n  w a s  designed t o  cal- 

culate t h e  cap tu re  gamma-ray d i f f e r e n t i a l  dose rate albedo f o r  a con- 

crete s l a b .  The sample problem r e q u i r e s  as inpu t  a h i s t o r y  t ape  from 

an H01 problem which generated capture  gamma-ray h i s t o r i e s  using t h e  

cap tu re  gamma-ray source t ape  produced by t h e  SO2 sample problem d i s -  

cussed i n  Volume 11. The problem input  and output  d a t a  f o r  t h e  H01 

secondary gamma-ray problem, which was run t o  gene ra t e  t h e  i n p u t  t ape  

f o r  t h e  A02 sample problem, are given i n  Tables X I V  and XV. 

3.4.1 A02 Sample Input  

The problem inpu t  d a t a  f o r  t h e  A02 sample problem are l i s t e d  i n  

Table X V I .  The A02 sample problem a l s o  r e q u i r e s  as inpu t  t h e  l i b r a r i e s  

one and two and a l l  e i g h t  of t h e  l i b r a r y  s i x e s  l i s t e d  i n  Table X I V .  

3 .4 .2  A02 Sample Output 

The output  from t h e  A02 sample problem is  l i s t e d  i n  Table X V I I .  

The f i r s t  t h r e e  pages g i v e  t h e  t o t a l  cu r ren t  as a func t ion  of energy 

and angle  l eak ing  from t h e  conc re t e  s l a b .  The c u r r e n t  leaking from 

t h e  s l a b  f o r  ang le s  less than o r  equal  t o  90 degrees i s  t h e  t r ans -  

mi t t ed  cu r ren t .  The c u r r e n t  leaking from t h e  s l a b  f o r  angles  g r e a t e r  

than 90' is t h e  r e f l e c t e d  c u r r e n t .  Pages fou r  and f i v e  of Table X V I I  

g i v e  t h e  average t o t a l  number of secondary gamma-ray t r a c k  l eng ths  i n  

each region as a f u n c t i o n  of energy. These t r a c k  l eng ths  may be con- 

v e r t e d  t o  f l u x  by d iv id ing  by t h e  volume of t h e  r eg ion  o r ,  i n  t h i s  

case, where the r e c i p r o c i t y  p r i n c i p l e  is app l i ed  t o  t h e  r e s u l t s  f o r  

a normal i n c i d e n t  l i n e  beam thermal-neutron source t o  p r e d i c t  t h e  
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TABLE XIV H01 Secondary Gamma-Ray Problem InDut 
2 7  

50 11 

0.0+n0 
2.rj+r)i 
1.0-02 

1 .br)8+nn 
5 5.85+00 

1.93-04 
3 
'3 
1 
I 

SOURCE 
81658793 

7 
1 
1 
1 
1 
1 
f 
1 
1 
1 
1 
1 
1 
6 
4 
6 
6 
h 
6 
6 
6 
6 
6 
6 
6 
2 

1 2 
4 1 
5 3 
6 4 
7 5 
a 6 
9 7 

1 0  R 
11 9 

6 

a.501n3 

12 i n  

2.0+1 

1.0+1 
a .0+0 

1.5+1 

600+0 
5 .0+0 

2 3 
8 1 

0.0+00 

200+01 

12.(11+00 

2.02-02 
26 .98+00 

5.56-04 
3 
3 
0 
1 

23562485 
11 

0.0+00 

66 

0 . o+oo 
0 . o+oo 

o . o+oo 
0.0+00 
0.0+00 
0 . o+oo 
0 . o+oo 
0 . o+oo 
0 . o+oo 

0 . o+o 

1.328+0 

0 . o+oo 

1 2  

3 8 0+2 
66 .4+0 

2.656+0 
3 .984+0 
6.640+0 
9 o 296+0 

18 .592+0 
26. 560+0 
39.840*0 

-2 2 
-2 2 
-2 2 
-2 2 
-2 2 
-2 2 
-2 2 
-2 2 
-2 2 
-2 7 

27 
3.35-2 
4.05-2 
5.31-2 
6 8 1T-2 
7.45-2 

13.2ao+o 

2 6  
1 30 

0. 0+0o 
1.0-01 

?.6*3'+r)0 

3.5 5-02 

3 
3 
1 
1 

1 e 0-03 

-4 
-5 
-6 
-7 
-8 
-9 

-1 0 
-1 1 
-1 2 
- 3  

1 

3 
4 
5 
6 
7 
8 
9 

10 
11 

3 
1 

3.35-2 
4.05-2 
5.31-2 
6.17-2 
7.45-2 

8.39-2 a-. 59-2 

0 0 1660600001 5 I 11 
3 167 

3 8 0+02 

40.08+00 

1.11-02 

3 
3 
1 
1 

3 802-2 
3 877-2 
5.10-2 
5.99-2 
7.32-2 
8.28-2 

1 

1.0-a2 o.o+oo 

28.09+00 24.72+00 

1070-03 l.86-O? 

3 3 
3 
1 1 
1 

1660000002 
1660000003 
1660600004 
1660000005 
1660000006 
1660000007 
1660000008 
1660n000n9 
1660000010 

1660000012 
1660000013 
1660000014 
1660000015 
1660000016 
1660000017 
1660000018 
1660070001 
1660070002 
1660070003 
1660070004 
1660070005 
1660070006 
1660070007 
1660070008 
1660070009 
1660070010 
1660070011 
1660070012 

166010001 
1660 10002 
166010003 
166010004 
166010005 
166010006 
166010007 
16601 0008 
1660 10009 
166010010 
166c)lOOll 
166010012 
1660 100 13 
166020001 
166020002 
166020003 
166020004 
166020065 
166020006 
166020007 
166020008 
166020009 
166020010 
166020011 

HYDRO60001 
HYDRO60002 
HYDRO60003 
HYDRO60004 
HY OR 0 600 05 
HYDRO60006 
XYORO60007 

1660nnooii 

H0 1 
HO 1 
HO 1 
H.0 1 
H0 1 
H01 
HO 1 
H 0 1  
H0 1 
H01 
HOT 
HO 1 
H01 
HO 1 
H01 
H01 
H01 
H01 
HO 1 
HO 1 
H01 
H O  1 
H01 
HO 1 
YO 1 
H01 
H01 
H01 
H01 
H01 
H O T  
H01 
H01 
H01 
H O T  
HO 1 
H01 
H O  1 
H01 
H01 
HO 1 
H01 
HO 1 
HO 1 
HO 1 
H01 
HO 1 
HO 1 
H01 
H01 
HO 1 
H01 
HO 1 
HO 1 
H01 
H01 
H O  1 
HO 1 
HO 1 
HOl  
HO 1 
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TABLE XIV (continued) 
9.60-2 

1.151-1 
1 a 464-1 
1 ~ 7 1 6 - 1  

2 e.11-1 
2 a 35-1 
2 a68-1 
2.89-1 
3.17-1 
3 a 54-1 
4 a 07-1 
4 a 44-1 
4.93-1 
5.17-1 
5 46-1 
5.61-1 
5.78-1 
5.97-1 
6.18-1 
6.29-1 
6 a 40-1 

1 a814-1 
2026-1 
7 a 06-1 
3 a 59-1 
4.39-1 
4.97-1 
5.76-1 
6.91-1 
8.78-1 

1 .030+0 
1.267+0 
1.410+0 
1 a605+0 
1 .735+0 
1 a 9OO+O 

2.12+0 
2 a44+0 
2 .66+0 
2 a 96+0 
3.10+0 
3.28+0 
3.37+0 
3 a 47+0 
3.58+0 
7.71+0 
7 a 77+0 
3 *84+0 

2 e42-1 
3.02-1 
4.08-1 
4.79-1 
5.86-1 
6.63-1 
7.68-1 
9.21-1 

2.1?1+0 
1.373+0 
1.590+0 

4.0+n 
3,0+A 
2 rb+0 
1 a 5+0 
1 .0+0 
8 a0-1 
6 a0-1 
5 a0-1 
440-1 
3 r0 -1  
2 a 3-1 
1 ~ 5 - 1  
1.0-2 
8 ab-2 
6.0-2 
5 a 0 - 2  
4 a 0-2 
3 a 0-2 
2 60-2 
1 a5-2 
1 r0-2 

6 
2.0+1 
1 .5+1 
1 .0+l 
5.0+0 
6 a O + 9  
5.0+0 
4.0+0 
3.0+0 
2 . 0+0 
1 5+O 
1.0+0 
s .0-1 
6 r0-1 
5 e 0 - I  
4.0-1 
3.0-1 
2 e o - 1  
1.5-1 
1.0-1 
8 a0-2 
6 a0-2 
5 6 0-2 
4 bo-2 
3 bo-2 
2 e o - 2  
1 a5-2 
1 .n-2 

6 
2.0+1 
1 a5+1 
1.0+1 
8 *0+0 
6 a 0+0 
5 a 0 + 0  
4 0+0 
3 a 0 + 0  
2 . n+o 
1 a5+0 

9.662-2 
1 a 156 1-1 
1.4658-1 
1 a 7  164-1 

2.11-1 
2 a 35-1 
2 a68-1 
2.89-1 
3.17-1 
3 a 54-1 
4 a 07-1 
4 a 44-1 
4.93-1 
5.17-1 
5 a 46-1 
5.61-1 
5 a 78-1 
5 497-1 
6.18-1 

6.301-1 
6 a 446-1 

27 
2 974-1 

7.25-1 
3.82-1 
4 a 22-1 
4.87-1 
5.37-1 
6 c 06-1 
7 e 09-1 

8.843-1 
1.0316+0 
1 .267+0 
1.410+0 
1 a605+0 
1.735+0 
1 a9OCt+0 
2.12+0 
2 44+0 

2 e664+0 
2 a 97 7+0 
3.137+0 
3*376+0 

3a55+0 
3.85+0 
4 58+0 
7.62+0 

1 m397+1 
4.244+1 

4 e48-1 
4.82-1 
5 a 42-1 
5.91-1 
6.72-1 
7 a 33-1 
8.21-1 
9 a 53-1 

1.182+0 
1 a3758+0 

27 

9.682-2 
1,1561-1 
164658-1 
1 a7?64-1 

2.11-1 
2.35-1 
2 a 68-1 
2 e 89-1 
3.17-1 
1.54-1 
4.07-1 
4 a 44-1 
4.93-1 
5.17-1 
5 e 46-1 
5.61-1 
5 78-1 
5.97-1 
6.18-1 
6 a 29-1 
6 40-1 
7 1 

7.974-1 
3 .25 -1  
3.82-1 
4.22-1 
4.87-1 
5 37-1 
6 a 06-1 
7.09-1 

8.843-1 
1 a 01  16+0 
1 a267+0 
1*410+0 
1.605+0 
1.735+0 
1 .Qno+r) 

2.12+n 
2 a 44+0 
2.66+0 
2 a 96+0 
3.10+0 
3 a 28+0 
3.37+0 
3.47+0 
3.58+0 
3.7i+n 
3 77+0 
3 a n4+0 
3 1 
4.48-1 
4.82-1 
5.42-1 
5.91-1 
6.72-1 
7.33-1 
8.31-1 
9.53-1 

1 a 1 P2+0 
1.3758+0 

1 .0+0 1 a690+0 1 .690+0 

8 i HY DLR 0 6 00 0 8 
HYDRO60009 
HYDRO60010 HOE 
HYDRO60011 HO1 
HYDRO60012 HO 1 
HYDRO60013 HO 1 
HYDRO60014 HO 1 

HYDRO60016 H01 
HYOR060017 HO 1 
HYDRO60018 H01 
HYDR060fl19 HO 1 
HYDRO60020 HO 1 
HYDRO60021 PAERKER 
HYDRO60022 MAERKER 
HYDRO60023 MAERKER 
HYDRO60024 MAERKER 
HYDRO60025 MAERKER 
HYDRO60026 VAERKER 
HYDRO60027 MAERKER 
HYDRO60028 MAERKER 
CAR9060001 MAFRKFR 
CARBO60002 MAERKER 
CARBO60003 MAERKER 
CARBO60004 MAERYER 
CARBO60005 YAERYER 
CARBO60006 MAERKER 
CARBO60007 MAERKER 
CARBO60008 MAERKER 
CAR6060009 MAERKER 
CARBO60010 MAERKER 
CARBO60011 MAERKER 
CARBO60012 VAERKER 
CARBO60013 MAERKER 
CARBO60014 MAERKER 
CARBO60015 MAERKER 
CARBO60016 PAERKER 
CARBO60017 MAERKER 
CARBO60018 MAERKER 
CARBO600 19 MAERKER 
CARBO60020 MAERKER 
CARBO60021 MAERKER 
CARBO60022 MAERKER 
CAR5060023 MAERKER 
CARBO60024 MAERKER 
CARBO60025 MAERKER 
CARBO60026 MAERKER 
CARBO60027 MAERKER 
CARBO60028 MAERKER 
OXYGO60001 MAERKER 
OXYG060062 MAERKFR 
OXYGO60003 MAERKER 
OXYGO60004 MAERKER 
OXYG060005 MAERKER 
OXYG060006 MAERKER 
OXYGO60007 MAERKER 
OXYG060008 MAERKER 
OXYGO60009 MAERKER 
OXYGO6OOlO NAERKER 
OXYGO6OOll MAERKER 
OXYCO60012 MAERKER 

HYDRO60015 H 0.1 
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k 8 = I  
5.0-1 
4.0-1 
3 m0-1 
2 0-1 
1 m5-1 
1 m0-1 
8 el)-2 
6 m0-2 
5 0-2 
4 a0-2 
3 0-2 
2 a0-2 
1 a5-2 
1 a0-2 

6 
2m0+1 
1.5+1 
1.0+1 
9 m0+0 
6a0+0 
5 m0+0 
4.0+0 
3 a o + n  
2 a 0+0 
1m5+0 

8 m0-1 
6-0-1 
5 00-1 
400-1 
3 a 0 - 1  
2 m0-1 
l a 5 - 1  
1 a o - 1  
8 m0-2 
6 a 0-2 
5 m0-2 
4.0-2 
3.0-2 
2ao-2 
1 a5-2 
1 0-2 

6 
?.0+1 
1 m5+1 
1.0+1 
8#0+r,  
5 m O + O  
5 m0+0 
4a0+0 
3m0+0 
2 0+0 
lm5+0 
1.0+0 
8 a6-1 
6 a 0-1 
5.6-1 

1 *o+o 

4 m 0-1 
3.001 4a99+0 4m95+0 

1 8 O+ 
2m’14+60 
2a31+0 
2 53+0 
2.83+0 
3a26+0 
3 57+0 

4.01 1+0 
4.29+0 
4m77+0 
5.22+0 
6m17+0 
8a87+0 

2a034+1 
4a463+1 

1 a 51 12+2 

1 a865+0 
1a835+0 
1m850+0 
1.888+0 
2.004+0 
2m097+0 
2 a249+6 

2 50+0 
3a002+0 
3 a 448+0 

4a22+0 
4a71+0 
5 a38+0 
5*83+0 
6 m42+0 
7 a 27+0 
8m80+0 
1 m05+1 

1m586+1 
2m194+1 
3a972+1 
6a182+1 

1 1356+2 
2 m6594+2 
8a7136+2 
2m0276+3 
6a3928+7 

1 a 046+0 
1 a 061+0 
1.122+0 
1.180+0 
1*299+0 
1 m376+0 
1 505+0 
1 a 7 1  1+0 
2m085+0 

2 a 4088+0 
2 a96+0 
3 m 29+0 
3 a74+0 
4m05+0 
4 a 45+0 

27 

27 

i2aeo+a  
a 14+0 

2a31+0 
2 53+0 
2+83+0 
3.25+0 
3m55+0 
3 94+0 
4a14+0 

4a49+0 
4a62+0 
4m78+0 
4 a 94+0 
5m03+0 
5a12+0 
4 1  

1 a865+0 
1a835+0 
1 a 3 5 0 + 0  
1m888+0 

2mC197+0 
2a249+0 

2 m 50+0 

3*448+0 
4a22+0 
4a70+0 
5a35+0 
5a78+0 
6a33+0 
7 a 07+0 
8m13+0 

4% 37+0 

zm0n4+0 

3.n02+0 

8 a 87+0 
9a86+0 

lm034+1 
1 092+1 
l a 1  22+1 
1 156+1 
1a194+1 
1*236+1 
1a758+1 
1 0 3 8 0 + 1  

5 1 
1 mO46+0 
1an61+0 
1m?22+0 
1mle0+0 
1*289+0  
1a376+0 
1a505+0 
1.711+0 
2 a 085+O 

2 a 4088+0 
2m96+0 
3a29+0 
3 a 74+0 
4*05+0 
4m43+0 

TABLE XIP (chntinued) 
1 680+0 3 a 14+0 

2r31*0 
2m53+0 
2a83+0 
3m25+0 
3*55+0 
3a94+0 
4m14+0 
4a37+0 
4m49+0 
4m62+0 
4a78+0 
4 a94+0 
5m03+0 
5m12+0 

6.05-1 
7m55-1 

1 m020+0 
1m198+0 
1 a 464+0 
1 a657+0 
1a919+0 

2 a 3O+O 
2a93+0 
3a43+0 
4a22+0 
4a70+0 
5*35+0 
5m78+0 
6m33+0 
?m07+0 
8m13+0 
8a87+0 
9 a 86+0 

1 *034+1 
1.092+1 
1 a 1 2 2 + 1  
1a156+1 
1 194+1 
1a236+1. 
1m258+1 
l r 2 8 0 + 1  

4.23-1 
‘5628-1 
7.14-1 
8 a38-1 

1a025+0 
1 a160+0 
1 e 343+0 
1a611+0 

2a05+0 
2a40+0 
2a96+0 
3 a 29+0 
3a74+0 
4a05+0 
4m43+0 
4m95+0 

OXYGO60018 MAERKER 
OXYGO60019 MAERKER 
OXYG060020 MAERKER 
OXYG060021 MAERKER 
OXYG060022 MAERKER 
OXYGO60023 MAERKER 
OXYGO60024 MAERKER 
OXYGO60025 MAERKER 
OXYGO60026 MAERKER 
OXYG060027 MAERKER 
OXYGO60028 MAERKER 
CALCO60001 MAERKER 
CALC060002 MAERKER 
CALC060003 MAERKER 
CALC060004 MAERKER 
CALC060005 MAERKER 
CALC060006 MAERKER 
CALC060007 MAERKER 
CALC060008 MAERKER 
C A L C06 0 0 0 9 M A  E RK E R 
CALCO6OOlO MAERKER 
CALCO6OOll MAERKER 
CALC060012 MAERKER 
CALC060013 MAERKER 
CALC060014 MAERKER 
CALCO6OOl5 MAERKER 
CALC060016 MAERKER 
CALCO60017 MAERKER 
CALCO60018 MAERKER 
CALCO60019 MAERKER 
CALC060020 MAERKER 
CALCO60021 MAERKER 
CALC060022 MAERKER 
CALCO60023 MAERKER 
CALC060024 MAERKER 
CALC060025 MAERKER 
CALCO60026 MAERKER 
CALC060027 MAERKER 
CALC060028 MAERKER 
S IL I060001  MAERKER 
S IL I060002  MAERKFR 
SIL1060003 MAERKER 
SIL10600Q4 MAERKER 
SILI060005 MAERYER 
SILI060006 MAERKER 
SIL1060007 MAERKER 
SILIO-60008 MAERKER 
S I L  1060009 MAERKER 
SILI060010 MAERKER 
S I L I 0 6 0 0 l l  MAERKER 
SILI060012 MAERKER 
SILI060013 MAERKER 
SIL1060014 MAERKER 
SIL1040015 MAERKER 
SIL1060016 MAERKER 
S I L I 06 UO 17 FtA ERK ER 
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2 b o - 1  
1 .S-1 
1 bo-1 
8 eo-2. 
6 a0-2 
5 @ Q-2 
4 a 0-2 
3 0-72 
7.0-2 

6 
2 * 0 + 1  
1.5+1 
1a0+1  
8 ,o+o 
6 a 0+0 
5.0+6 
4.0+0 

2.0+0 
J h b 5 + 0 _  
1.0+0 
8 e o - 1  
6.0-1 
5.0-1 
4 m 0-1 

2.0-1 
3 a5-1 
1 r 0 - 1  
8.0-2 
6 a0-2 

4 m 0-2 
3.0-2 
2 a 0-2 
1 e 5-2 
1 a0-2 

6 
2.0+1 
l r 5 + 1  
l * 0 + 1  
8 .n+n 
6 a 0+0 
5 .o+n 
4.0+0 
300+0  
2.0+0 

3.b  e+o 

.- 3 bo-! 

5.r or.?. 

4 a 0-1 
3 0-1 

6 a0-2 

5*%1+0  
6.50+0 
8 r01+0  
9 54+0 

1 m344+1 
1 e 815+1 
2 a949+1 
6a276+1 

2a0265+2 
4*7R81+7 

1a58896+3 
2 7  

8 b 22-1 
8 a 46-1 
9.12-1 
9.70-1 

1 a072+0 
1 e 153+0 
1.271+0 
1.454+0 
1 a 783+0 

2a0664+0 
2 a 53+0 
2.82+0 
3.21+0 
3 a47+0 
3 e 8  1+0 
4 0 2 6 + 0  
4a94+0 
5 a 46+0 
6 a 44+0 
7.31+0 
9a35+0 

1.183+1 

3a436+1 
1a0712+2 
2 a53 55+2 

27 

i a 7 5 4 + i  

8 5468 +2 

2 8a6+0 
2 e79 1+0 
2a716+0 
2a727+1) 
2 a 813+O 

2 a90+0 
3 a 06+0 
3 a 34+0 
3 *93+0 

4.492+0 
5 a52+6 
6 e 16+0 
7 00640  

1 
Is 
5 
1 a 052+2 

TABLE 
5r69+0  5. 
6a?1+0 6*21+0  
6m90+0 6a90+0 
7e24*0 7a24+0 
7a64+0 7a64+0 
7a85+0 7a85+0 
8a09+0 8a09+0 
8.36+0 8a36+0 
8a65+0 8a65+0 
8a81+0 8a81+0 
8a96+0 8a96+0 
6 1 
8 b 22-1 3 a63-1 
8646-1  4.53-1 
9.12-1 6.12-1 
9.70-1 7.19-1 

1a072+0 8 a78-1 
1a153+0 9a94-.1 
1a271+0 1.152+0 
1a454+0 1a’381+0 

2m0664+0 2a06+0 
2.53+0 2a53+0 
2 r 8 2 + 0  2a82+0 
3.21+0 3a21+0 
3 047  +O 3 a 47+0 
3a80+0 3a80+0 
4a24+0 4a24+0 
4a88+0 4a88+0 
5a32+0 5a32+0 
5a91+0 5a91+0 
6.20+0 6a20+0 
6a55+0 6e55+0 
6,73+0 6a73+0 
6a94+0 6a94+0 
7a16+0 7a16+0 
7a*2+0 7a42+0 
7.55+0 7a55+0 

7 1  

i .?a3+0 i b 7 t j 7 + o  

7*6a+o 7.68+0 

2*8a6+0 7.86-1 

7.777+n 1.557+0 

2a791+0 9 6 8 1 - 1  
2.?16+0 1.326+0 

2a813+0 l r 9 0 3 + 0  
2.90+0 2a15+0 
3a06+0 2a50+0 
3m34+0 2a99+0 
3a93+0 3a81+0 

4m492+0 4a46+0 
5a49+0 5a49+0 
6a11+0 6a11+0 
6a96+0 6a96+0 
7a52+0 7a52+0 
8a23+0 8.23+0 
9 a 1 9 + 0  9a19+0 

1a057+1 1.057+1 
1a153+1 1 * 1 5 3 + 1  
1.282+1 1.282+1 
1m344+1 1.344+1 
f i 4 2 0 + 1  1a420+1  

S I L I O 6 0 0 2 4  MAERKER 
S I L f 0 6 0 0 2 5  MAERKER 
S I L f 0 6 0 0 2 6  MAERYER 
S I t I 0 6 0 0 2 7  MAERKFR 
S I L I 0 6 0 0 2 8  MAERKER 
MAGNO60001 MAERKER 
MAGNO60002 MAERKER 
MAGN060003 MAERKER 
MACNO60004 MAERKER 
MAGNO60005 MAERKER 
MAGNO60006 MAERKER 
MAGN060007 MAERKER 
MAGNO60008 MAERKFR 
MAGNO60009 MAERYER 
MAGNO60010 MAERKER 
MAGNO60011 MAERKER 
MAGN060012 MAERKER 
MAGNO60013 MAERKER 
MAGN060014 MAERKER 
MAGNO60015 MAERKER 
MAGN060016 MAERKER 
MAGN060017 MAERKER 
MAGNO60018 MAERKER 
MAGNO60019 MAERKER 
MAGNO60020 MAERKER 
MAGNO60021 MAERKER 
MAGNO60022 MAERKER 
MAGN060023 FAAERKER 
MACNO60024 MAEkKER 
MAGNO60025 YAERKER 
MAGNO60026 MAERKER 
MAGNO60027 MAERKER 
MAGN060028 MAERKER 
IRON060001 MAERKER 
IRON060002 MAERKER 
IRON060003 MAERKER 
tRON060004 FnAERKEQ 
IRON060005 MAERYER 
~RONO60006 MAERKER 
IRON060007 MAERKER 
IRON060008 NAERRER 
IRON060009 MAERKER 
IRONO6O010 MAERKEK 
IRON066011 MAERKER 
IRON066012~ MAERKER 
IRON060013 MAERKER 
IRONO6OUl-4 MAERKER 
IRON060015 YAERKFR 
IRON060016 MAERKER 
IRON060017 MAERKER 
IRON060018 MAERKER 
IRON060019 MAERKER 
JRON060ff20 ~ A E W F R  
IRON060021 MAERKER 
IR0#060022 FnAERltaR 
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TABLE XIV (continued) 
9 +  59+1 1.459+1 

3.0-2 7 *4452+2  1.552+1 1.552+1 
Z : 8 3  4:5355+5 $:fi03+1 l r 5 0 3 + 1  

220-2.. 2.3961+3 1.607+1 
1.5-2 5*3964+3--  1a635+1 
1,012 1.6517.+4 1.664+1 

6 27 8 1 
2.0+1 9.32-1 9.32-,l 
1.5+1 9 50-1 9.5001 
1.0+1 1.016+0 1.016+0 
8.0+0 1.073+0 1.073+0 
600+r!  1.179+0 1.1?9+0 
5.0+0 1.263+0 1.263+0 
4.0+0 10387+0  1.387+0 
3.0+0 1.582+0 1.582+0 
2.0+0 1.933+0 1.933+0 
1.5+0 2*2376+0 202376+0 
1 *o+o 2 J 5 + 0  2.75+0 
8 00-1 3 06+0 3.06+0 
6 a 0-1 3 .48+0 3e48+0 
5.0-3. 3 r76+0  3 76+0 
4 0-1 4 13+0 4.12+0 
3.0-1 4 062+0 4.60+0 
2.0-1 5 .37+0 5 0 29+0 
1 0 5 -1  5 r98+0  5 77+0 
1.0-1 7.19+0 6.41+0 
8.0-2 8 r33+0  6.72+0 
6 0.0-2 l.ll+l ?.10+0 
5.0-2 1.459+1 7 29+0 
4.0-2 2.271+1 7.51+0 
7 00- t  4.676+1 7.76+0 
2.002 1..4903+2 8 r 0 3 + 0  
1.5-2 3.3118+2 8.18+0 
1.0-2 1.17832+3 ~ 8032+0 

1.607+1 
1.635+1 
1 r 6 6 4 + 1  

3.93-1 
4.90-1 
6.63-1 
7 78-1 
9 0 52-1 

10077+0  
1.247+0 
1 r 4 9 6 + 0  
1.903+0 

2e23+0 
2 .75+0 
3.06+0 
3 e48+0 
3076+0  
4.12+0 
4.60+0 
5.29+0 
5 r?7+0 
6*41+0  
6.72+0 
7.10+0 
7.29+0 
7.51+0 
7 76+0 
8 .03+0 
8.18+0 
8e32+0 

RON060023 MAERKER 1 RON060024 MAERKER 
IRON060025 MAERKER 
IRON060026 MAERKER 
IRON060027 MAERKER 
IRON060028 MAERKER 
ALUM060001 MAERKER 
ALUM060002 MAERKER 
ALUMO600Q3 MAERKER 
ALUM060004 MAERKER 
ALUM060005 MAERKER 
ALUM0600n6 YAERKER 
ALUM060007 MAERKER 
ALUM060008 MAERKER 
ALUM060009 MAERYFR 
ALUM060010 MAERKER 
ALUM060011 MAERKER 
ALUM060012 MAERKER 
ALUM060013 MAERKER 
ALUM060014 MAERKER 
ALUM060015 MAERKER 
ALUM060016 MAERKER 
ALUM660dlf MAERKER 
ALUM060018 MAERKER 
ALUM060019 MAERKER 
ALUM060020 MAERKER 
ALUM060021 MAERKER 
ALUM060022 YAERKER 
ALUM060027 MAERUES 
ALUM060024 MAERKER 
ALUM060025 MAERKER 
ALUM060026 MAERKER 
ALUM060027 MAERKER 
ALUM060028 MAERKER 
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0 

N 

N 

N 

N 

Fi 
0 

I w 
0 
0 
c) 
0 
4 * 
0 

x)  
n 
I 
Y 
3 
3 
3 
3 
D 

3 
I 

W 
“r) 
I 
UJ 
0 
P 
0 
0 

0 
I 

W m 
t 
UJ 
0 
0 
0 
0 
0 

0 
1 

W m 
I w 
0 
0 
0 
0 
0 

0 

0 

c7 

* 

0 

OD 

I w 
0 
0 
0 
0 
0 

0 
I 

cn 
VI 
I 

w 
0 
0 
0 
0 
0 

0 
I 

01, 
0 
I 
UI 
0 

0 
0 

0 
I 

4) 
m 
I 
w 
0 
0 
0 
0 

0 
I 

m 

a 

3 

9 

m 
0 
.I 
Lu 
0 
0 
9 
VI 
In 

0 

m 
0 
I u 
0 
0 
m 
(r 
rl 

0 

N 

w 
0 
0 
9 
W 
d * 
0 

7 

N 
0 

I 
UI 
0 
0 
0 

5 
0 

94 
0 
I w 
0 
0 
d 
d 
rl 

0 

d 
0 
I 

Lu 
0 
0 
In 
In 
0 

0 

r( 
0 
1 
w 
0 
0 
N 
0 
N 

0 

N 
0 
I cu 
0 
0 
9 
in 
Q 

0 
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VI 
2 s 
c 
c 
4 z 
E K 
U 
I- 

6! 
c4 

c 

n 
VI 
2 

cn 
a 
W 
rr 

fn 
W 
.A 
0 

h 
LL 
4 
P 

H 
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d 

I- 
a 
I- 

a 

>. 
(3 
a 
w z w 
0 z a . 
c 
% 

I: 
3 

2 

E 

5 
B-4 

c3 

(L 
UI 

z, 

t a u 
v) 

z 
zp 
3 
I- 
a a a 
v) 

4 
m 

Y c s 
dL 

0, 
cr) 
I 

w 
0 
0 
0 
0 
0 

0 
. 

i!i d N 
. a .  
In 

0 
0 

W 
N 

0 
0 * 
d 

m 

* 

w 
0 
I 

w 
0 
0 
0 
0 
0 . 
W 

0 
0 

Lu 
9 * 
h( 
In 

d 

m 

N x 
Q, 
OI In 
(0 
I- 

.s 

J s c 
B 
F 

. 
v) 
0 

a u 
w 
& 

9 * 

a 

v) z 
4 c z a 
V 

I- 

I 

CI 

e 
0 
w c 
a 
w 
2 
w 

a 

c!) 

a v) 
3 

I- 
9 
d 

F a 
B c 
v) 
n 
I 

E 
A ru 
4 
-I 

P, 
P 
U 
F 

m 
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TOLE XVT. 

A02 Sample Input Data 

3 ~ 3 
3 3 

3 3 1660000020 3- - . _. - ___ - -- - . 
1 6 6 0 0 O ~ f i  
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0 
0 
0 

0 
Q 

0 
0 
0 

0 
r- 
* 

0 
0 

0 
io 

4 

0 
0 
0 

0 
In 

0 
0 
0 

0 
V 

a 

0 
0 
0 

0 
* 

- m  
J 
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c 
> 
I 
0 0  
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J O  
J B  
1 0  
:N 
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0 
0 
0 
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I- 
C >  
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I w 
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0 
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0, 
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I w 
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In 

e 
0 
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I 

w m 
U 
#- 
4 
m 

e 
0 

0 

I w 
UJ 
In 
m * 
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a 

e 

9 

U 

U 

e 

rl 
rl 

il 
01 
I- 
co 
N 

0 

m 
m 
I 

CL 
(c 
0 
(u 
(c 
h 

0 

c 
0 

(L 
0 c 
C 
0 
h 

0 

m 
* 

9 

a 

O D W  
m m  
I I  

U J U J  
0 0  
0 0  
0 0  
0 0  

0 0  

m c c  
I 1  

w w  
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0 0  o m  
0 0  
o v  
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m m  
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o e  
O N  
o e  

0 0  
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U J U  
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0 0  
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0 0  
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o n  o *  
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O r  

o c  

. ? *  
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f I  

! A L L  m G  
b n . 4  
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3 9  

m o  
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o m  

3 - !  
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A i  

e 4  
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O C  

o c  

a 4  m c  
I I  

U J U  
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0 0  
O -  
0.4 

o c  
3 ”  

4 -  
o c  
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o c  
o c  
N n  
o c  
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0 
I w 
9 
OD 
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I- 
In 
0 
* 

rl 
rl 
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UJ 
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V 
9 
(F 
U 
0 

e 

m 
0 
I w 
m 
V 
9-4 
N 
rl 

0 
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I 
w 
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0 
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7 
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C 
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C 
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N 

U 

e( 
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(u 
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C 
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C 
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C 
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4 

C 

U 
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c 

# 
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c 

c 
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C 
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C 
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secondary gamma-ray f l u x  f o r  a plane p a r a l l e l  source,  t h e  t r a c k  l eng ths  

should be divided by only t h e  th ickness  of t h e  region.  Both t h e  cu r ren t  

as a func t ion  of energy and angle  and t h e  f l u x e s  as a func t ion  of reg ion  

and energy have been normalized t o  a u n i t  c u r r e n t  i nc iden t  upon t h e  s l a b  

by d iv id ing  by t h e  n ,pber  of h i s t o r i e s .  
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3.5 A02 FORTRAN-IV L l e t i w  

A0 2 FLUX ANALYSIS CODE c 
*. 

T H I S  ROUTINE OVERLAYS THE L I N K S  OF THE A02 ANALYSIS PHOGRAK 
C: TAPE ALLOCATIONS " '  TAPE NO. 1 HISTORY PARTICLE DATA 
C TAPE NO. 2 HISTORY PAKTICLE DATA ( I F  hEEOED 1 
C TAPE NO. 3 PAKTICLE LtAKAGE 
C TAPE NO. 4 PARTICLE LEAKAGE ( I F  NEEDtU 1 
C TAPE NO. 9 CliOSS SECTIONS 

COMMON /CROSS/ NENEGY, E N E R G Y ( 1 0 0 ) r  T C S ( 8 9 1 0 0 )  
COMMON /JUNK/ A, A O ( 2 0 ) r  A A 1 ( 2 0 ) ,  A P 1 2 r  AT, A T l ( 2 0 ) r  AT'n'T(81, 

1.89 B O ( 2 0 ) r  B A 1 ( 2 0 ) 1  C r " C 0 ( 2 0 ) ,  C A l l 2 - 0 ) 9  CROSI CRSSI DELCT, 
2 DISTM, DSQD, E, E A 1 ( 2 0 ) ,  E 0 ( 2 0 ) ,  ELOCUT, EC$RP(20), E S I ( 8 ) v  
3. ESUM(20) ,  E P R I N T ( 2 1 ) ,  G P R I N T ( 2 l ) r  .ESP, G K A D ( 2 l ) r  H ( 2 ) r  H E ( Z ) ,  
4 ICOLI I E I N T V I  IEMAXI IEPMAXI I E T A B ( 2 0 1 ,  I G I N T V ,  IGPMAXI I H l r  
5 IH2, IHTAPE9 J l N O t  ILAST,  IPPYAX, IREGSC? J2NO9- J M 9  JTAPEI 
6 JTAPE1, JTAPE2r  JA, JI, K ,  K1, KESCZr KGRP(3920) ,  KLMAX, KRECr 
7 KSI KTAPE, L l r  L 2 9  L 3 9  LBJ,  LZ, MATREG(501, M H T A P E ( 2 ) r  N I G H T ( 2 ) s  
8 YNO, NB1, NELI NGI NHT, NHIST,  ~ O I N T I  NN, NHs N R 1 ( 2 0 ) #  NR2, 
9 Y R l A 1 ( 2 0 ) 9  NREC, NUB, NLIBI  NSGt P I D I  Q,' IWID,  S, SUMS, T ( 5 0 r 2 0 )  

COMMON T Y ( 8 t 1 0 0 ) ,  W E X P ( 2 0 9 2 0 ) ~  W E X P A l ( 2 0 ) r  d 0 ( 2 0 ) 9  XI X O ( 2 0 ) r  
1 X 2 r  X A 1 ( 2 0 ) ,  Y s  Y o ( 2 0 ) ~  Y2r Y A 1 ( 2 0 ) ,  ZI ZO(20)r Z 2 r  Z A l ( 2 0 ) r  
2 DN(10,8)9  ISRCTP, ISRCRC# NMAT, ETM, E M A X ( 2 0 ) r  ILOC, T L ( 2 1 1 9  

4 AW(201, 1x1, M K R E C ( 2 ) r  I N L I B R ( l 1 ) r  I N S U P R ( 2 0 ) r  I N E L E M ( 8 ) r  
5 G S U M ( 2 0 ) r  P ( 5 0 9 2 0 )  
5 /GEOM1/ , IBT(  7519 A F (  7 5 1 9  Z F (  7 5 1 9  CF(  7519 X F (  7 5 1 1  YF(  '7511 
6 I B N ( 5 0 i 9 ) ~  M P R ( 5 0 9 9 ) r  N B 1 5 0 ) r  EPSL# NBDI NREG 
2 /CARDC/ I S 9  IS19 ILI IL1,  FLIBI N P R I N T ( 9 ) s  M 9  

3 BEG(201,  L-SO, ILOCUTr  WEXPD, BEGGER(20,20)r  NTAPI JSENSEI 

CAL.L ANAL02 
CALL HEAT1 
CALL RESULT 
STOP 
END 
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SUBROUTINE PRINTS (1,L) 
COVMON /CROSS/ NENEGY, ENERGY(lOQ), TCS(8~1001 
COiWOrV /JUNK/ At A 0 ( 2 0 ) ,  AAl(20)~ AP 2 ,  AT, ATl(20)t ATWT(8)r 
1 B g  6 0 1 2 0 ) ~  BAl(20)r Cv CO(20)r CA1( $ 01, CROSI CRSSt DELCTg 
2 DISTY, DSQDI E, EAl(20)S E0120)r ELOCUT, EGRP(ZO)t,ESI(8), 
3 ESUMJZO), EPRINT(21), GPRINT(2l)r ESP, GRAD(21)v Hf2)r HE(2), 
4 ICOL, IEINTV, IEMAXI IEPMAX, IETAB(20)r IGINTVt IGPMAX, IH1, 
5 IH2v IHTAPEt JlNO, ILAST, IPPMAX, IREGSct J2N01 JM, JTAPEI 
6 JTAPElr JTAPEZ, JA, JI, Kt Klr KESC2, KGRP13920)r KLMAX, KREC:r 
7 KS,, KTAPE, Llr L2, L39 LBJ, LZ, MATREG(50)r MHTAPE(Z)e MIGHT(21, 
8 UNO, NB1, NEL, NG, NHT, NHIST, NOINTl NNf NRt NRl(20)i NR2r 
9 NRlAl(20)e NREC, NUB, NLIB, hSG, PIDI Q ,  'IOI:D* 5, SUMS, T(50r20) 

COMMON TY(89100)r WEXP(20920), WEXPAl(20)s W0(20)', X ,  ' X O ( 2 0 ) r  
1 X2r XA1(20), Y, YO(20)r Y2, YA112019 29 ZO(2O).s 22, ZAl(20)V 
2 DN(1098)q ISRCTP, ISRCRCI NMAT9 ETMc EMAX(ZO), ILOC, tL(21)~ 
3 BEG(20), LSO, ILOCUT, WEXPD, BEGGER(20,20)r NTAPI JSENSE, 
4 AW(20), 1x19 MKREC(21, INLIBR(11)v INSUPR(20)r INELEM(8)r 
5 GSUM(20)( P(50920) 
5 /GEOM1/ IBT( 75)e AF( 7519 ZF(  7519 CF( 7519 XF( 7519 YF( 751, 
6 IBN(5019)r MPR(50r9)g NB(501, EPSL, NBD, NREG 
2 /CARDC./ IS, IS19 IL, IL1, FLIB, NPRINT(9)v MS 
CALL DUMP 
RETURN 
END 
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SUBROUTINE ANAL02 

COkqh.lOhl /CROSS/ NENEGY, ENERGY(100) ,  T C S ( 8 9 1 0 0 )  
COMMON /JUNK/ A i  A O ( 2 0 1 9  A A l ( 2 0 ) r  AP129 AT, A T l ( 2 0 ) r  ATWT(819 

c 

1 R ,  B O ( 2 0 ) r  H A l ( 2 0 1 9  C t  C 0 1 2 0 ) 9  C A l ( 2 0 ) ) I  CROSr CRSS, DELCTY 
2 DISTYI DSQD, E l  E A l ( 2 0 1 9  E 0 ( 2 0 ) ,  ELOCUT, EGKP(2O)e E S 1 ( 8 ) ,  
3 ESUM(2O)q E P R I N T ( 2 1 ) v  G P R I N T ( 2 l ) r  ESP, G R A D ( 2 l ) r  H ( 2 ) r .  H E ( 2 1 9  
4 ICOL, I E I N T V ?  IEMAX, IEPVAXs IETAB( I?O) ,  I G I N T V ,  IGPMAXI I H l r  
5 I H 2 r  I H T A P E t  J11U0, ILASTv, IPPMAX, IREGSC, J2NO9 J?4* JTAPEI . 
6 JTAPE1, JTAPE2, J A 9  J I r  K9 K l r  KESC2, K G R f ( 3 r 2 0 ) ~  KLMAX, KRECI 
7 KS, YTAPE, L1, L2 ,  L 3 9  LBJI  LZI M A T R E 6 ( 5 0 ) ,  M H T A P E ( 2 ) r  [ \ r , IGHT(Z) ,  
8 YNO, NB1, NELI NC, NHTr KHISTI  N O I N T t  NNI NR, N R l ( 2 0 ) r  NR2r ’  
9 R R l A l ( 2 0 ) r  NRECI NU69 N L I B s  NSGI P I D I  Q, I O I P ,  S T  SUMS9 T ( 5 0 r 2 0 )  

COMMON T M ( 8 r 1 0 0 ) r  WEXP(20r201,  W E X P A l ( 2 0 ) g  W0120)9  X ,  XO(2019 
1 X2, X A 1 ( 2 0 ) ,  Y, Y O ( 2 0 ) r  Y29 YA1(20)09 ZI Z O ( 2 0 ) r  22 ,  Z A l ( 2 0 ) r  
2 D N ( l O r 8 ) r  fSRCTP, ISRCRCI NMAT, ETYr  E M A X ( 2 0 ) r  ILOC, T L ( 2 , l ) v  
3 REG(2O)r LSO, ILOCUT, WEXPD, BEGGER(20,20)-r NTAP, JSENSE, 
4 A ’ d ( 2 0 ) r  1x1, MKREC(Z) ,  I N L I B R ( 1 1 ) 9  I N S U P R ( Z O I 9  I N E L E M ( 8 ) r  
5 CSUM[ZO) 9 P(50,ZO) 
5 /GEOMl/ I B T (  7 5 1 9  AF(  7 5 1 9  Z F (  7 5 1 9  C F (  7 5 ) 9  XF(  7 5 1 9  Y F (  7 5 1 9  

2 /CARDC/ IS, I S 1 9  I L 9  IL19  F L I 6 9  N P R I N T ( 9 ) r  MS 
6 I B N ( 5 0 9 9 ) t  M P R ( 5 0 9 9 ) r  N B ( 5 0 ) g  EPSL.9 NBD, NREG 

C 
READ ( 5  r 5 ) I E P Y A X (  IGPPAAXI L b O ,  ELOCUT, NEL 9 NG, NH 

1 T q  NREGr NURt NLIRI  NMAT, P I D I  N N l r  I S 1  
30 FORMAT ( 1 2 1 5 ,  2 X A 4 9 1 2 r 1 4 )  

5 F O R b ’ A T ~ 3 1 5 r E 1 0 . 0 ~ 7 1 5 ~ 2 X A 4 ~ 1 2 , I 4 )  
LSO = LSO + 1 

READ ( 5  , 4 0 ) H ( l ) r  H ( 2 1 9  H E ( 1 ) r  H E ( 2 1 9  J2NO9 NSGI IWIDI  NHIST 
2 0  N l = l  

1, MKREC(1)9  kIKREC(Z), ISRCTP, YTAPr NN9 I S  
4 0  FORMAT ( 1 M  9 A ~ I A ~ ~ ~ X A ~ , A ~ , R I ~ , ~ X I ~ I I ~ )  

I F  ( I S l - N l )  809 5 0 ,  8 0  
5 0  I F  ( E i - I S l - N l )  709 609 70 
60 I F  (NNl-NN) 701 87,  7 0  
70 NfiI = NN + 1 0 0  

IS = I S  + 1 0 0 0 0  

WRITE ( 6 r 8 5 ) P I D , N N , I S  
CALL E X I T  

I S 1 =  I S 1 +  1 0 0 0 0  
!ZrR I TE 
C A L L  E X I T  

80  YV1= NN1+ 100 

( 6 9 8 5 1 P I  D 9 N N l  9 I S 1  

8 5  FORMAT (35HODIScREPANCY I N  1.D. F I E L D  OF CARD9 A 4 9  I 2 9  14) 
8 7  READ ( 5  r 2 5 ) E P S L g  NN1, I S 1  
2 5  FORMAT ( 1 6 1 0 . 4 r 5 6 X I 2 r I 4 )  

I F  (NN - NN1) 809 8 8 9  80 
8 8  I F  ( I S 1  - I S  - N 1 )  709 89, 70 
8 9  I S  = I S 1  

0010 
0100 

0 9 6 0  
0 9 7 0  
0 9 8 0  
0 9 9 0  
1000 
1 0 1 0  
1 0 2 0  
1 0 3 0  
1 OLIO 
1 0 5 0  
1060 
1 0 7 0  
1 0 8 0  
1090 
1100 

1110 
1120 

1140 
1 1 5 0  
1 1 6 0  
1170 
1190 
1200 
1 2 1 0  
1 2 2 0  
1 2 3 0  

ii 30 
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READ (5 ,lOOO)(MHTAPE(I)r 1-192 IvJSENSE, NN1, IS1 
1003 FORzlAT (31101 36x12914 1 

IF ( Isi-Is-rdi) 809 1010, 80 
1910 IF ( N V l - ' d N )  8 0 ,  1020, 80 
1020 IS = IS1 
1070 IF (Yi-iT) 909 90, 1085 
1 9 8 5  DO 1140 1x2 = lrYHT 

IIEA3 ( 5  ,951(BEGGERLIXZ,IP), IP=196)r NNlr IS1 
IF ( IS1-IS-N1) 80, 1090, 80 

109C IF ( f i l Y l - Y ' d )  8 0 9  1100, 80 
1133 I S  = IS1 

IF (\SG - 5 )  1140, 1140,  1110 
1113 !<EA[) (5 995)(HEGGER(IXZ91P), IP=7,12)r t V l \ l l r  IS1 

IF ( ISl-IS-Pdl) 80, 11209 80 
1120 IF ( ? J ' ! l -UY 1 8 0 ,  11309 80 
1132 IS = IS1 

IF ( U S G - 1 2 )  1140, 11409 1131 
1131 REA3 ( 5  ~ ~ ~ ) ( B E G G E R ( I X Z I I P I ~  IP=13418), NNlefS1 

IF ( IS1-IS-Nl) 809 1132, 80 
1132 IF (Nf\Jl-iYV) 809 11339 80 
1133 IS = IS1 

IF ( N S G - 1 9 )  1140, 11409 1134 
1134 !-?EA0 (5 rll37)UEGGEH(IXZ919), BEGGERLIXZ~20)~NNlrISl 

IF ( IS1-IS-Nl) 8 0 ,  1135, 80 
1135 IF ( N U l - ' J % )  8 0 9  1136, 80 

1137 FOR'IAT ( 2E 10.0 945X I 2  * I4 1 
1136 IS = IS1 

1140 COYT I N U E  
90 READ ( 5  9Yl)(IETAf3(1)9 1=1$12)* NN1, IS1 
91 FORVAT (12159 6x12914) 
S 5 FOR hqA T 
9 6 

( 6 E 1 0 r) 9 5 X I 2 9 I 4 1 
F 013 I*'A T ( 4 E 1 0 0 9 2 6 X I 2 9 I 4 ) 

CALL S L I T E  ( 0 )  
I F ( IS1-I .S-Nl)  8 0 9  979 80 

97 IF ( '1'!1-4'4 1 809 999 80 
9 9  :s=1s1 

IF ('Is'J-12) 110, 110, 101 
910YOl(IETAB(I)9 1=13r20)9 NN19 IS1 

1 (8159 26x12, 14) 
IF (151-Is-r.il) 809 102, 80 

102 IF ( ' s ' J l -< 'Vl  8 0 ,  103, B O  
179 IS=ISl 
110 CALL A"G8iED (IEP IAX9IS,ISl,NQ9:IN1, EPIIIPIT( 1 )  1 

CALL SLITET(19KOO9FX) 
GO T3(*0~112) ,K33C)FX 

CALL SLITET(l,K90?FX) 
TC ( R r )  9 114 1 ,<3Q)rJFX 

11% CALL k~'J5RE') ( I G P S A X ~ I S I I S ~ , Y N , ~ ! ~ ~ ~ ~  GPKIh!T( 1 ) )  

GO 
114 Ic)II)= IQ;1)+10000 

124 

1260 
1270 
1280 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
159U 
1600 

1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
170b 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
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I COL=O 
JTAPEl=O 
JTAPE2= 1 
KREC =O 

w a o  
1 7 9 0  
1 8 0 0  
1 8  10 

J2NO = J2NO + 10009 
DO 1 2 6  1=1, IGPYAX 

DO 1 2 9  I = 1 9  NHT 
1 2 6  GSAD(1 )  = COS(GPRIYT(1 ) * .01745331  

1 2 8  ?\, ' IGHT( I )  = "HTAPE( I )  

160,  1609  1 4 0  

C 
C CARDS A130 THriU A304 !JEIIE REPRODUCED F R O Y  CODE HOlr V A I N  PROGRAM 

1 3 0  JZ=ldSG/4 
Kl=PJSG-4kJZ 
KZ=O 
Y3=0 
Y4=0 
K5=0  
I F (  J Z )  

Y 2  = K5Ul 
Y 3  = Y Z + 1  
Y 4  = K3+1 
K 5  = K4+1  
IIEAD ( 5  9 9 6 )  (EGI iP ( i " )  ,EKAX(I.l) 9 Y=K29K3)  vNNt1.S 
JACK=4 

1 4 0  DO 1 5 0  I = l , J Z  

I F ( w-wi ) 709  142,  7 0  
1 4 2  I F  ( I S - I S l - Y l )  70 ,  144,  7 0  
144 REAC ( 5  ,961 (EGRP('. i)  ,Er4AX(M) 9 " '=K49K5 ) , N N l *  I S 1  

JACV,=5 
I F  ( b ' Y - N t 4 1  1 8 0 ,  146 ,  8 0  

1 4 6  IF ( I S l - I S - r \ ! l )  8 0 ,  150,  80  
157  CONTIPIUE 
1 6 0  Y2=K5+1 

I F ( Y 1 1  1?5 ,  1959  1 6 2  
162 G O  T O  ( 1 7 0 ,  180, 1901 ,  K 1  
1 7 0  R E A D  ( 5  , 1 6 4 ) E G R P ( K 2 )  rEMAXIK2)  9 

1 6 4  F,')R"AT (2E10.4,  4hX 12,141 
J A C K =  6 
I F  ( l \ lN-N"l  1 70,  175,  70  

1 7 5  I F  IIS-ISl-Nl) 709 195,  7 0  
1 3 0  I I E A D  ( 5  996 ) ESIIP ( K 2  1 ,EMAX ( K 2  1 r E G l i P  ( Y , Z + l )  *EMAX( K2+1) ,NN, IS 

.J GCY = 7 
I F ( P!hJ-fd?dl 709. 182,  7 0  

1 8 2  r F  ( I s - r s i - t d i )  709  185, 70 
1 8 5  I F  ( K 1 - 2 )  195,  1 9 5 9  190 
1 9 0  HEAD ( 5  ,164)EGRP(K2+2)bEYAX(K2+2)s N N s I S 1  

JACK=R 
I F  (Nq-NNlJ  8 0 s  1929 80 

1 9 2  IF ( I s i - I s - r ~ i )  809  195,  80 

N N I I S  

1820 
1830 
1 8 4 0  
1 8 5 0  
1 8 6 0  
1 8 7 0  
1 8 8 0  
1 8 9 0  
1 9 0 0  
1910 
1920 
1 9 3 0  
1940 
1 9 5 0  
1960 
1 9 7 0  
1 9 8 0  
1 9 9 0  
2 0 0 0  
2010 
2 0 2 0  
2 0 3 0  
2040 
2050 
2 0 6 0  
20 7 0  

2 0 9 0  
2 1 0 0  
2 1 1 0  
2 1 2 0  
2 1 3 0  
2 1 4 0  
2150 
2160 
2 1 7 0  
2 1 8 0  
2200 
2 2 1 0  
2 2 2 0  
2 2 3 0  
2 2 4 0  
22 50 
2 2go 
2 2 7 0  

2 0 8 0  
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709 2 5 0 9  70 

3 3 0 9  359, 305  

2 3 1 U  
2 3 2 0  
2330 
2 3 4 0  
2 3 5 0  
2 3 6 0  
2 3 7 0  
23PU 
2 3 9 0  
2 4 0 0  
2 4 1 0  
24.20 
243U 
2 4 4 0  
2 4 5 0  
2 4 6 0  
2 4 7 0  
24130 
2490 
250u 
2 5 1 0  
2520 
25311 
2 5 4 0  
2 5 5 0  
2 5 6 0  
2 5 7 0  
2 5 8 0  
2 5 9 0  
2 6 0 3  
2 6 1 0  
2613 
2 6 3 0  
2640 
2 6 5 0  
2 6 6 0  
2670 
2 6 3 b  
2 b Y U  
2 7 0 4  
271(j 
2 7 2 0  
2 7 3 0  
274U 
2 7 5 0  
2760 
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IF (NN-NNl) 709 3159 70 
315 IF (IS-IS1-N1) 709 3,209 70 
320 READ ( 5  *310)(NB(J)* J=K3, IC419 NNlrISl 

JACK=16 
IF ( NU-NW1 ) 80, 325, 80 

325 IF (IS1-IS-N1) 801 329s 80 
3 2 9  CONTIPJUE 

330 IF (IS1-IS-N1) 809,331, 80 
331 IF (NU-NNl) 809 3329 80 
332 GO TO (420r415~434,440~446r452r452~458~464~470476#500)~ I L O C  
333 IF (IS-IS1-N1) 709 3348 70 
334 IF (NN-NN1) 70s 332, 70 
350 Kl=K4+1 

GO TO 350 

I l=NREG-12*11 
IF ( 1 1 )  4209 420, 352 

352 GO T O ~ 3 6 0 ~ 3 7 0 ~ 3 8 0 ~ 3 9 0 ~ 4 0 0 ~ 4 1 0 ~ 4 1 0 ~ 4 1 0 ~ 4 1 0 ~ 4 1 0 ~ 4 ~ 0 ~ ~ 1 1  
360 READ ( 5  ,362)NB(Kl)r NN, IS 
362 FORMAT (110, 56X 12r14) 
363 JACK=17 

ILOC=1 
GO TO 333 

GO TO 363 

READ ( 5  r382)(NB(J), J=KlrKZ)r NNI IS 

370 R E A D  ( 5  ,38l)NB(Kl)*NB(Kl+l), N N I  IS 

380 K2=K1+2 

381 FORVAT (21109 46X 12,141 
382 FOR’JAT (3110, 36X 12914) 

390 K2=K1+3 

392 FORVAT (4110, 26X I2t14) 

400 K2=K1+4 

402 FORMAT (51101 16X 12914) 

GO TO 363 

R E A D  ( 5  r392)(NB(J)r JfKl,K2), N N I  IS 

GO T O  363 

l?EAD ( 5  9402)(NB(J)r J=Kl,K2), NNI IS 

GO TO 363 
410 K2=K1+5 

READ ( 5  
J ACK-18 
I LOc=2 
GO TO 333 

415 Kl=K2+1 
ISl=IS 
I l = I  1-6 
IF( 11) 

420 IF (IS-ISl) 
425 IS=ISl 
430 READ (5 

JACK=l9 

420, 420s 352 
425, 430, 430 

9310)LMATREG(I)rI= 1 9 6 1 9  NNl 9 IS1 

2770 
2780 
2790 
2800 
2810 
2820 
2830 
2840 
2850 
2860 
2870 
2880 
2890 
2900 
2910 
2920 
2930 
2940 
2950 
2960 
2970 
2980 
2990 
3000 
3010 
3020 
3030 
3040 
3050 
3060 
3070 
3080 
3090 
3100 
3110 
3120 
3130 
3140 
315Q 
3160 
3170 
3180 
3190 
3200 
3210 
3220 
3230 
3240 
3250 
3260 
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L 3 4  
& 76 

/4 4 ' 
L. 't 2 

4 4 6 
4 4 8  

45  P 
45 4 

45 8 
46 0 

4 6 4  
4 6 6  

671? 
4 7 2  

47 5 
479 
4 7 9  

5cc 
5?5  

510 
C 

C 

I LOC=3 
G? T O  3 3 0  
I F  ( YIIEG-6 f 
riFm ( 5  
I LOc=4 
GI) T O  3 3 3  
IF ( \IREG-12 
!IFCIA3 ( 5  
I L @ C = 5  
Gn T O  3 3 0  
I F ( >!REG-15 1 
REAO ( 5  
ILOC=6 
GO T!) 3 3 3  
I F ( Y R E G - 2 4 )  
READ ( 5  
I LOC=7 
GO T O  3 3 0  
I F ( YRFG-30 
?EAn ( 5  
I Loc=R 
SO T O  3 3 3  
I F  ( ';REG-36 I 
?EA') ( 5  
1 L ~ , C = O  
53 T O  3 3 0  
1 F ( '.!REG-42 ) 

[ ? E A 2  ( 5  
I L t X = 1 3  
53 T'; 3 3 3  
I F  ( \lI?tG-48 
!?FAD ( 5  

500, 5 0 0 ,  4 5 4  
, 3 1 0 )  (YATl?EG( I) 9 1 = 2 5 r 3 0 )  r N N l  9 I S 1  

5 3 0 9  5 0 0 9  4 7 8  
9 4 7 9 ) Y A T R E G ( 4 9 )  pMATREG(50) 9 N N l r  I S 1  

FOQ'/AT (2 i1139 46X 1 2 9 1 4 )  
I L K = 1 1  
GQ TC/ 33 ' )  
I F  (IS-IS11 5 9 5 9  5 0 5 9  510 
:s=151 

3270 
3280 
3290 
3 3 0 0  
3 3 1 0  
3 3 2 0  
3 3 3 0  
3 3 4 0  
3 3 5 0  
3 3 6 U  
3 3 -70 
3 3 8 0  
3 3 Y 3  
3 4 0 0  
3 4 1 0  
3 4 2 3  
3 4 3 3  
3 4 4 0  
3 4 5 0  
3460 
3 4 7 0  
3 4 8 d  
3 4 9 0  
3 5 0 0  
3 5 1 0  
3 5 2 0  
3 5 3 0  
3 5 4 0  
3 5 5 0  
3 5 6 0  
3 5 7 3  
3 5 8 0  
35'10 
3600 
3 6 2 0  
3 6 2 0  
363U 
364U 
3 6 5 0  
3660 
3 6 7 0  
3 6 d u  
36Yc) 
3 7 U G  
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SUB0010 
SU!3002O 
SUB0080 

SUB0 130 
SUB0 140 
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REO IN 
L I ERE 

COMMON /CROSS/ NENEGYr ENERGY(1 
COYMON /JUNK/ Ar 
1 €3, BO(2019 BAl( 
2 DISTM, DSQDr Er 
3 ESUM120)r EPR1,N 
4 ICOL, IEINTVr IEMA,Xr IEPMAXr IETAB(2O)r IGINTVr XGPMAXr IH1r 
5 IH2r 1HTAPEr.JlNOr ILASTr IPPMAXr IREGSCr JZNO, JMr JTAPE,. 
6 JTAPEl, JTAPE2r JAr JIr Kr Klr KESC2, KGRP(3,ZO)r 
7 K5r KTAPE, Llr L2r L3r LBJr Ltr YAJREG(5O)r MHTAPE 
8 h?NOr NB1, NELr NG, NHTr-NHIST, NOINTt NNr NRr NRl(20)r NR2r 
9 NRlA1(20), NRECr NUB, NLIB, NSG, PIDr Q r  IWIDr SI SUMS, T(50920) 

CO"IM0N TY(8r100)r VEXP(20r20)r WEXPAl(20)r WO(20)r Xr XO(203r 
1 X2r XAl(20)r Y r  YO(201r Y 2 r  YAl(20)r Z r  ZO(2O)r 22, ZAl(20)r 
2 DN(lOr8)r ISRCTPr ISRCRCr NMATr ETM, EMAX(20Ir ILOC, TL(2l)r 
3 BEG(2O)r LSOr ILOCUT, WEXPDr BEGGER(20,ZO)r NTAP.9 JSENSEr 
4 AW(20)r 1x1, MKREC(2)r INLIBR(1l)r INSUPR(2O)v INELEM(8)r 
5 GSUr" (ZO) ,  P(53r20) 
5 /GEOVl/ IBT( 7 5 1 9  AFI 75)r ZF( 75)r CF(  7519 XF( 75)s YF( 7519 
6 IB'V(50r9)r MPR(50r9)r NB(50)r EPSL, NBD, NREG 
2 /CARDC/ IS, ISlr ILr ILlr FLIBr NPRINT(9)r MS 

2 

4 

6 

8 

10 

12 
14 
16 
18 

20  

40 
4 1  
4 2  
44 

LllREC = 0 
Ni?G = VG 
'ys = 1 
~ILIBC=Z 
DO 2 L=1,2 
I L I RR ( L 1 = 1 
DO 4 L=3r11 
I PIL I BR L I = O  
DO 6 L=lr20 
INSUPR ( L) =O 
DO 8 1x198 
I h]ELEv ( L 1 = 0 
IF (ISRCTPI 
IYLIBR ( 5) =1 
NLIBC=NLIBC+l 
IF (NTAP) 

I NL If3R ( 6 I = INLl RR ( 6  +NEL 
I4ISUPR ( M )  = I NSUPR ( M )  +NEL 
DO 20 LSlrNEL 
I NEL E'4 ( L 1 = I NELEY ( L ) + 1 
QLIHC = NLIRC + NEL 
CONTINUE 
IF (hJLIBC-NLIB) 42 9180 942 
!-:RITE (6r44)NLIBCr NLIB 

DO 40 Fn=lrNSC 

SUB0900 
SUB0910 
SUB0 92 0 
SUB0930 
SUB0940 
SUB0950 
SUB096b 
SUB0970 
S U B 0.9 8 0 
SUt30990 
SUB1000 
SUB1010 
SUB1020 
SUB1030 
SUB1040 
SUBl 0 50 
SUB1060 
SUB1070 
SUB1080 
SUBLO90 
SUBl 100 
SUB1 110 
SUBl 120 
SUB1130 

F0R"AT ( llHOTHERE ARE r 159 36H LIBRARIES REQUIRED IN THIS PROgLE SUB1140 
l'Ao/lH 9 159 38H LIBRARIES WERE SUPPLIED IN THE INPUT. ) SUB1150 
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WRITE 1 6 9 4 6 )  SUB1160 
4 6  FORYAT (89HOTHE FOLLOWING L I S T  OF LIBRARY PARAMETER‘WILL HELP OETE SUB1170 

l R Y I N E  WHICH L I B R A R I E S  ARE MISSING. 1 
GO T O  5 8 1  

1 1 0  FORYAT (2110 ,4159  22X A 4 9 . 1 2 9  14) 
1 2 0  FORVAT (14HOLIRRARY DECK A 4 9  I 2 9  13H IS I N  ERROR&) 
1 3 0  I L  = I L  + 1 0 0  

1 4 0  C A L L  E X I T  
1 5 0  I L = I L  + 100 

WRITE ( 6 r 1 2 0 ) F L I B 1  I L  

IS=IS + io000 

WRITE ( 6 , 1 6 0 1 ~ ~ 1 ~ ~  ri9 IS 
1 6 0  FORMAT (35HODISCREPANCY I N  1.0. F I E L D  OF CARD 9 A 4 9  129  14)  

GO TO 140 
1 7 0  I L  = I L 1  

IS = I S 1  
GO TO 1 5 0  

C 
1 8 0  REWIND 9 

L4REC = 1 + NSG 
REWIND 3 
C A L L  S L I T E  (0-1 
LllREC = 0 

200 ’READ ( 5  9 1 1 O ) L I B T 9  I r  J r  K, N r  N l r  F L I B I  I L I I S  
I F  ( IS -YS)  1 5 0 9  2 1 0 1  1 5 0  

2 1 0  I F  I L I B T )  130, 1 3 0 9  2 2 0  
2 2 0  I F  ( L I B T -  11) 2309  230, 1 3 0  
2 3 0  GO T O  (24~928Or36~r360r301931O9360r360,3609360~360r360~ r L I B T  
2 4 0  P.lRD=I 

CALL L I B 1  
Ih~LIBR(LIBT)=INLIBR(LIBT~-l 

CALL SLITET(19KOOOFX)  

2 6 0  C A L L  SLITET(2,KOOOFX) 

270 I F  ( N L I B )  5 6 5 9  5 6 5 1  200 
2 8 0  CALL L I B 2  

I N L I B R ( L I B T 1 = I N L I B R ( L I B T ) - 1  
GO TO 2 5 0  

DO 3 0 6  L = l , J  
READ ( 5  ~ 3 0 2 ) X O ( L ) r Y O ( L ) r Z O ( L ) r A O ~ L ) r B O ~ L ) ~  C O ( L I 9  

2 5 0  N L I B = N L I R - l  

GO T O ( 1 5 0 t 2 6 0 ) t K O O O F X  

GO T O ( 1 7 0 ~ 2 7 0 ) r K O O O F X  

3 0 1  ISRCRC = J 

l I S l  
3 0 2  FORMAT(6E10.4, 6X 1 2 9 1 4 )  

I F  ( I L 1 - I L )  1 3 0 9  303, 1 3 0  
303  I F  ( I S 1 - I S - M S )  1709  3 0 4 8  1 7 0  
3 0 4  READ ( 5  ~ 3 0 7 ) E O ~ L ) ~ A W ~ L ) r W O ~ L ) , N R 1 ( L ) ~ E X X X X X ~ I L ~ I S  

I F  ( I L 1 - I L )  1 3 0 9  305, 1 3 0  
3 0 5  I F  ( IS - IS1 -MS)  150 ,  3 0 6 9  1 5 0  

SUB1180 
S U B l  1 9 0  
SUB1280 
SUB1210 
SUB1220 
SUB1230 
SUB1240 
SUB1250 
SUB1260 
SUB1270 
SUB1280 
SUB1290 
SUB1300 
SUB1310 
SUB1320 
SUB1330 
SUB1340 
S U B l  3 5 0  

SUB1370 
SUB1300 
SUB1390 
SUB1400 
SUB1410 
SUB1420 
SUB1430 
SU B 1440 
SUB1450 
SUB1460 
SUB1470 
SUB1480 
SUB1490 
SUB1500 
SUB1510 
SUB1520 
SUB1530 
SUB1540 
SUB1550 
SUB1620 
SUB1630 

I L l c  SUB1640 
SUB1650 
SUB1660 
SUB1670 
SUB1680 
SUB1690 
SUB1700 
SUB1710 
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3 0 6  CONTINUE 
3 0 7  FORYAT (3E10.4, I 101  E10.49 1 6 X  129  1 4 )  

NL I R = Y L  I B- 1 
IYLIBR(LIBTI=INLIBR(LIBT)-l 
GO TO 2 7 0  

C LIBRARY TYPE 6 
3 1 3  DO 3 5 0  L = l r I  

READ ( 5  

I F  ( I L1 - IL I  1 3 0 9  3 3 0 1  1 3 0  
3 3 0  I F  ( IS1 - IS -MS)  1709  3 4 0 1  1 7 0  
3 4 0  I S = I S 1  
3 5 0  CONTINUE 

,320 I ENERGY,( L )  r TY ( J  9L 1 9 111 1 IS1 
3 2 0  FORMAT ( 2E10*4,46X, 12,141 

WRITE ( 3 ) L I B T I  1 9  J 9  K, NI N 1  

kJRITE ( 3 ) ( E N E R G Y ( L ) r T M ( J t L ) , L " l r l )  

I N S U P R ( K ) = I N S U P R ( K ) - l  
I N E L E Y ( J ) = I N E L E M ( J ) - l  

L l l R E C  = L l l R E C  + 1 

3 5 5  INLIBR(LIBT)=INLIBR(LIBT)-1 

7 5 7  L l l R E C  = L l l R E C  + 1 
F.1 L I B = NL I B- 1 
GO T O  2 7 0  

C LIBRARY TYPES 3, 49 79  
3 6 0  d R I T E  ( 6 r 3 7 0 I L I B T  
3 7 0  FQRMAT (13HOLIBRARY 

565  DO 5 6 7  L = l , l l  

5 6 7  CONTINUE 

C A L L  E X I T  

I F ( I " d L I B R ( L ) )  

DO 5 6 9  L=l,NSG 
I F (  IUSUPR(L)  

DO 5 7 1  L = l r N E L  
569  CONTINUE 

I F (  INELE' . I (L)  1 
5 7 1  CONTIYUE 

GO TO 6 0 0  
575  WRITE ( 6 , 5 8 0 )  

8 9  99 10 AND 11 ARE NOT NEEDED I N  T H I S  CODE 

TYPE113r22H WAS INPUT B Y  MISTAKE;) 

575,  567, 5 7 5  

575; 5699  5 7 5  

5 7 5 1  5719  5 7 5  

5 8 0  F O R M A T  (49HOTHE .TOTAL NUMBER OF INPUT L I B R A R I E S  WAS CORRECT./ 
1 65H HO~EVERI  THE NUMRER OF ELEMENTS AND/OR SUPERGROUPS I S  INCORRE 
2CTa 1 

5 8 1  ':!?ITE ( 6 , 5 8 2 )  
582 FORVAT(40H l  L I N S U P R ( L )  I N L I B R ( L 1  I N E L E M ( L )  ) 
5 8 4  FCRMAT ( 1H 9 139 If! 9.2  1 1 2 )  

DO 5 8 6  L = l r 8  
5 86  !t,'R I T E ( 6 9 5 8 4  ) L r I N SUPR ( L 

DO 5 5 5  L = 9 + 1 1  
5 8 8  dR I TE ( 6 9 5 8 4 )  L9 IFISUPR ( L  9 I N L I B R  ( L  1 

DG 599 L = 1 2 r 2 0  
5 9 C  1.111 I T F  ( 6 9 5 8 4 )  L, II\ISCIPR( L )  

C A L L  E X I T  

9 I N L I BR f L 9 I NE L EM ( L 1 

1 7 2 0  
1 7 3 0  
1 7 4 0  
1 7 5 0  

SUB1760 
SUB1770 
SUB 1 7  8 0  
SUB1790 

5ub18 
S U B l  8 10 
SUB1820 
SUB1830 
SUB1840 
S U B l  8 50 
SUB1860 

SUB1880 
SUB1890 
SUB1900 
SUB1910 
SUB1920 
SUB1930 

SUB1950 
SUB1960 
SUB1970 
SUB2070 
SUB2080 
SUB2090 
SUB2 100 
SUB2 110 
SUB2120 
SUB2 1 3 0  
SUI32 140 
SUB2 1 5 0  
SUB2 1 6 0  
SUB2 1 7 0  
s u b 2  1 8 0  
SUB2 190 
SUB2200 
SUB2210 
SUB2220 
SUB2 2 3 0  
SUB2240 
SUB2250 
SUB2 2 60 
SUB2270 
SUB2280 
SUB2 2 9  0 
SUB2 3 00 
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6 0 0  IF (NTAP)  855,  602,  8 5 5  SUB23 10 
6 0 2  DO 8 0 0  M=l,NSG SUB2320 

C WRITE ALL CROSS SECTIONS ON TAPE 3 SUB2330 
REWIND 3 
t =O S u b 2 3 5 0  

6 1 0  L=L+2  SUB2360 
6 2 0  READ ( 3 jL1BT.r I, J, K, Nv N 1  SUB2370 

I F  (M-K) 640,  630,  6 4 0  SUB2 3 80  
6 3 0  L T  7 L I B T - 5  SUB2390 

GO T O  (660,360,360,360936b,360) 9 L T  SUB2400 
6 4 0  READ ( 3 ) 
6 5 0  IF ( L - L ~ ~ R E C )  610 ,  7 2 0 9  7 2 0  SUB2420 

C LIBRARY TYPE 6 SUB2430 
6 6 0  READ ( 3 )(€NERGY(Ll),TM(JrLld,Ll = 1 9 1 )  SUB244 

NENEGY = I SUB2450 
GO TO 6 5 0  SUB2460 

C CALCULATE MACROSCOPIC CROSS-SECTIONS SUB2470 
72,O DO 7 6 0  Ml=l,N"IAT SUB2480 

DO 7 5 0  M2=1,NENECY SUB24YO 
TCS(MlrMZ)=O.O SUB2 5 00 
DO 7 4 0  " I z l s N E L  SUB2 5 10 
TCS ( M1, M2 1 = TCS l Y 1 9 M 2  f + TM ( Y3 9 1'4.2 I *DN ( M 1 9 M 3 1 SUB2 5 2 0  

7 4 0  CONTINUE SUB2530 
7 5 0  CONTINUE SUB2540 
760. CONT I NUE SUB25 50 
7 7 0  C A L L  CRSWRT SUE32560 
8 0 0  CONTKNUE SUB25 70  

8 1 0  F O R M A T (  34HlCROSS SECTION TAPE LABELED CROSS 14954H WAS GENERATED SUB2590 
lAND CONTAIVS THE FOLLOWING INFORMATION.) SUB2600 

WRITE ( 6 , 8 1 0 1 I Q I D  SUB2610 
8.15 WRITE ( 6 r 8 2 0 ) L 4 R E C ~ N R E G , N E L , N M A T ,  NSGINRG SUB2620 
820  FORMAT(1H r 1 5 9 3 3 H  = NUMBER OF RECORDS ON T H I S  T A P E / I 6 r 2 0 H  = NUMBER SUB2630 

1 OF R E G I O N S / I 6 r 2 1 H  = NUMBER OF ELEMENTS/16r22H = NUMBER OF MATERIA SUB2640 
2 L S / I 6 , 2 4 H  NUVBER QF SUPERGROUPS/K6r40H = NEUTRONS, GAMMAS, OR SE SUB2650 
3CONDARY GAMMAS 1 SUB2660 

8 5 0  REWIND 9 
GO T O  1 0 0 0  SUE32680 

8 5 5  WkITE ( 6 9 8 7 0 1 1 Q f D  SUB2690 
8 7 0  FORe+'AT(34H1CROSS SECTION TAPE LABELED CROSS I 4 r 6 5 H  WAS USED I N  T H I  SUB2700 

1s PROBLEM AND CONTAINS THE FOLLOWING INFORMATION.) SUB2 7 1  0 
GO T O  8 1 5  SUB2720 

1 0 0 0  RETURN SUB2730 
END SUB2 7 4 0  

REWIND 9 
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C SUBROUTINE ANGRED IN ANALYSIS CODE A010 
SUBROUTINE ANGRED'(J9 ISrISlrNNrNN1,A) 
DIYENSION A(21) 
Y 1  = 1 
i?EAC (5 *lO)(A(I)'rI=lr6)r NN1, IS1 

10 FORKAT (6E10.0, 6 X  12, 14) 
IF (ISl-IS-Kl) 3 0 ,  209 30  

2 0  I f ( YN1-UN 1 3 0 9  4 0 ,  30 
30  CALL SLITE ( 1 )  

GI? TO 150 
417 IS = IS1 

IF (J-6) 150r150, 50 
50 QEAD (5 ~ l O ) ~ A ( I ) r 1 = 7 ~ 1 2 ) ~  NNlrISl 

IF ( ISl-IS-fil) 3 0 r  6 0 ,  30 
6 0  I F  ( UYl-YN 1 3 0 ,  70, 30 
7c IS = IS1 

IF ( J - 1 2 )  150, 150, 8 0  
8n I?EAD (5 , l O ) ( A ( I I ~ I = 1 3 , 1 8 ) ~ N N 1 r I S 1  

IF(IS1-IS-Nl) 3 0 ,  9 0  9 3 0  
9 3  IF (ti)!l-N'Y) 3 0 ,  100, 30 
100 IS= IS1 

113 R E A C  (5 tl20)(A(I), I=19,21)r 'VN1, IS1 
IF(J-191 150, 150, 110 

12C F9R'"AT (3E10.0, 36X 121 14) 
IF ( IS1-IS-Y1) 3 0 ,  130, 30 

130 IF ( f ~ h ! l - ; \ l Y )  3 0 9  140, 30 
140 IS=IS1 
1 5 0  IIFTURN 

E 'x! D 

SUB0010 
SUB0020 
SUB0030 
SUBOlOO 
SUBOllO 
SUBOL20 
SUB0130 
SUB0140 
SUBO 150 
SUB0160 
SUBO 170 
SUB0180 
SUB0190 
SUB0200 
SUB0210 
SUB0220 
SUB0230 
S UB0 240 
SUB02 50 
SUU0260 
s u BO 2 7 0 
SUB0280 
SUB0290 
SUB0300 
SUB0310 
SUB0320 
SUE30330 
SUB0340 
SUB0350 
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SUBROUTINE LIB1 
C SUBROUTINE LIYl I'd HISTORY GENERAT1C)N CODE 

CQUVON /t&O\d1/ IBT( 7519 AF( 75)9 Z F (  75)9 CF( 75), XF( 7519 
1 YF( 75) 9 151\1(5099) 9 h4PR(5099) 9 qH(50) 9 EPSL9 N B D I  NREG 
2 /CAR3C/ IS, IS19 IL, IL19 FLIBI NPRIYT(9)9 i4S 

C 
I1 = N33/2 
I2 = h!HD-2*11 
Y 1  = 0 
K2 = 
DO 5 0  I=1911 
Y1 = K2+1 
<? = Kl+1 

IF (IL-IL1) 1009 199 100 
1 3  IF ( I S l - I S - ' ~ S )  1009 201 100 
29 Y E A 9  (5975) IYT(K219 AF(KZI9 ZF(KZ),CF(KZ), XF(K2)r YF(K219 ILvIS 

IF (IL1-IL) 1109 3c)9 110 
3 6  IF (IS-ISl-'?S) 1 1 0 9  509 110 
5 0  C0::T I W E  

IF( 12) 2009 2009 60 
60 K 1  = Y 2 + 1  

READ (5975) I ~ T ( K 1 ) ~ A F ( K 1 ) , Z F ( K 1 ) ~ C F ~ K l ~ ~ X F I K 1 ) , Y F ~ K l ~ ~ I L l ~ I S l  
IF (IL-IL1) 1009 709 103 

, R E A D  (5975) IRT(K1)r AF(Y1)v ZF(Kl)*CF(Kl)r XF(Kl), YF(Kl)r ILl9 
1151 

70 IF (ISl--IS-~4S) 100, 2009 100 
75 FORYAT LI10~5E10.4~6XI2~14) 
100 CALL SLITE ( 1 )  

GO TO 200 
110 CALL SLITE ( 2 )  
200 RETUR41 

Eh!D 

0010 

3240 
0 2  5U 
0260 
027'3 
0280 
3 2 9 0  
03c10 
0310 

0330 
0340 

0360 
0370 
0380 
0 3 9 0  
0400 

0420 
0430 

0450 
0460 
0470 
0480 
,9490 
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SUBROUTINE LIB2 
C SUBROUTINE LIB2 IN HISTORY GENERATION CODE 
C 

CoYYOrV /GEOU1/ IBT( 7 5 1 9  AF( 7519 ZF( 7519 CF( 7 5 1 ,  XF( 7 5 1 ,  
1 YF( 7519 IBN(50r91, MPR(5099)r NB(501, EPSL, NBD, NREG 
3 /CARhC/ IS, ISlr ILc ILlr FLIB, NPRINT(9)p MS 

C 
READ ( 5  ,lO)(IBN(r,J)1MPR(l,J).pJ~1,6)r IL1, IS1 

10 FORMAT (1215, 6X 12rJ4) 
IF (IL-IL1) 8 0 ,  209 80 

20 IF (IS1-IS-MS) 809 3 0 1  80 
3 0  IF(NB(1)-6) 100, 1001 4 0  
40 READ (5 , 4 5 ) ( I B N ( l , J ) , M P R ( l r J ) r J = 7 , 9 ) ,  IL9 IS 
45 FORYAT (6159 36X 12,141 

I F  (IL-ILl). 7 0 9  50, 7 0  
50 IF (IS-IS1-MS) 70,1001 7 0  
7 0  CALL SLITE (1) 
80 CALL SLITE (2) 

100 DO 160 I=3rNREG 

135 IS= IS1 

GO TO 200 

IF (1.51-15) 1101 1101 105 

110 READ ( 5  ~ 1 0 ~ ~ I B N ~ I ~ J ~ ~ M P R ~ I ~ J ~ ~ J ~ l ~ 6 ~ ~  ILli IS1 
IF (IL-ILl) 8 0 ,  1209 80 

120 IF (151-IS-YS) 8 0 1  1309 80 
1 3 0  IF(YB(1)-6) 160, 160, 140 
140 READ (5 , 4 5 ) ( 1 B N ( I , J ) , M P R ( I , J ) r J = 7 , 9 ) r  ILc IS 

IF (IL-IL1) 709 145s 7 0  
145 IF (IS-IS1-MS) 7 0 ,  160, 70 
160 CONTINUE 
200 RETURN 

END 

0020 
0010 
0030 

0 2 1 0  
0 2 2 0  
0 2 3 0  
0 2 4 0  
0 2 5 0  
0 2 6 0  
0 2 7 0  
0 2 8 0  
0 2 9 0  
0 3 0 0  
0310 
0 3 2 0  
0 3 3 0  
0 3 4 0  
0 3 5 0  
0 3 6 0  
0 3 7 0  
0 3 8 0  
0 3 9 0  
0400 
0410 
0 4 2 0  
0430 
0440 
0 4 5 0  
0 4 6 0  
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O O l V  
0 0 2 0  

0860 

0870 
0 8 8 0  
0890 
0900 
0910 
0 9 2 0  
0930 
0940 
0950 
0960 
0970 
0980 

1 0 0 0  
1010 
1020 
1030 
1040 
1050 
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V I G H T ( 1 )  = 0 
J= I 
GO TO 60 

5 0 J = I  

63 IF (K1J 8 0 9  8 0 9  70 
70 IF ( IHTAPE-h 'YTAPE(J))  8 0 9  1 0 0 ,  8 0  
8 0  $,'RITE ( 6 ~ ? 0 ) l i ( l ) ~  Y ( 2 ) 1  IHTAPE, H ( 1 )  9 H ( 2 )  t iVlHTAPE(J1 
90  FOFVAT (14HOTAPE LABELED 9 A 6 9 A 3 r I 4 9 3 6 H  WAS LOAGED INSTEAD OF TAPE 

C --_-- E'IROR IF WRONG TAPE PUT ON TAPE UNIT. 

1 LARELED r A b , A 3 r 1 4 r 1 9 H .  PROBLEM STOPPED. 1 
CALL E X I T  

C -----RESET REG AND KCRP. 
-100 30 110 k ' l = l t 2 ' )  

PF:?( ' " l )  = REGGER( J , Y l )  
DO 110 J42=193 

110 YGRP(*.129',lI 1 0 
C ----- DETERYIYE F40.0F RECORDS(NH1) AND NO. OF L.REC.COL.(NHP). 

BSUh' = 0.0 
"HP = 0 
NH1 = 7 9 9 9  
IF (J-NHT) 130, 120,  120  

1 2 0  FlHl  = VKREC(1)  - 1 
130 CALL RECORD (NSCI N H l r  BEG(l), K G R P ( l r 1 ) )  

IF (J-NHT) 1 6 0 ,  140, 1 4 0  
140 IF ( " K R E C ( 2 ) - 2 0 )  1 5 0 9  1 5 0 9  1 6 0  
1 5 0  W1 = U H I  - 1 

?HP = '6KREC(2) 
C -----PUT CORRECT SET OF CROSS-SECTIONS INTO CORE FROM TAPE) 

1 6 0  riEWIYlO 1 x 1  
DO i R n  v 1 = i 9  XSG 
I F  (RFG(h11) -?05)  17c), 1701 1 9 0  

1 7 0  READ ( 9 1 
1 5 9  COMT 1"CJE 
1 4 3  C A L L  CRS'IED 

C -----NH1 FlJLL RECOROS OF C O L L I S I O N  DATA WILL BE CONSIDERED. 
I F  ( \ I Y l )  3 1 0 1  310,  2 0 0  

2 0 0  I 2 0  = 20  
210  DO 3r)n I =  1, h!Hl 

RCIA 'J  ( I x ) ( x n ( L ) ,  Y O ( L ) ,  z ~ ( L ) ,  A O ( L ) ,  B O ( L ) ,  C O ( I - ) ,  E O ( L ) ,  wo ( 
1 L ) g  XZZIYZZ~ZZZ,  N Z Z 9  NRZZ 1 A W ( L )  ,EXZZt  NR,1 
2 ( L ) ,  L = l r I I ? O )  

!?r) 300 Y1.P = 1, I 2 0  
RStJ'' = I3SlJ'd + 1.0 

= Y R ~ ( Y L P )  
VF? = PJriFl5 
"F3 = 0 

I F  ( J  - 2 )  235,  260, 2 3 5  

I '  ( " 5 R C Y )  2409 2 6 0 9  2 8 0  

730 on 263 J = ME19'4E2 

7 3 5  C A I - t  SEAPCH (J ,XO(KLP) ,YO(YLP) ,ZO(KLP) ,NR1(KLP) rMSRCHtKESC2)  

1060 
1070 
1 0 8 0  
1 0 9 0  
1 1 0 0  
1110 
1 1 2 0  
1 1 3 0  
1 1 4 0  
1 1 5 0  
1 1 6 0  
1170 
1 1 8 0  
1190 
1 2 0 0  
1 2 1 0  
1 2 2 0  
1 2 3 0  
1 2 4 0  

1 2 6 0  
1 2 7 0  
1 2 8 3  
1 2 9 0  
1 3 0 0  
1 3 1 0  
1 3 2 0  
1 3 3 0  

1 3 5 0  
1 3 6 0  

1 3 8 0  
1 3 9 3  
1 4 0 0  
1 4 1 C  
1 4 2 0  
1 4 3 0  
1 4 4 0  
1 4 5 0  
1 4 6 0  
1 4 7 0  
1 4 8 0  
1 4 9 0  
1 5 0 0  
1 5 1 0  
1 5 2 0  
1 5 3 0  

1 5 6 0  
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3 4 C  CALL S L I T t  (1)  
F I  = Y I G H T (  I f  

J= I 
GO T O  363  

350 J = I  

' , ? I G i i T ( I )  = 0 

36C C A L L  S L I T E T ( l r K 0 3 0 F X )  
60 T!)( 3709 l n G G  11KC100FX 

C --_-- PUT 'IF:! HISTOiIY 
3 7 0  I X  = 7 

l iE 'd l" ,O I X  

APE Oii 

1660 
1 6 7 d  
1 G e 8  
16W 
1730 
1 7 1 0  
1 7 2 0  
173C 
1 7 4 0  
1750 
1 7 6 0  
1 7 7 0  
171;0 
1 7 9 3  
1800 
1010 
1 8 2 0  
1830 
1840 
1 8 5 3  
1800 

13833 
1890 
1 9 0 0  
1910 

1 8 7 0  

TAPE U i i I T .  1 9 2 0  

2 0 7 0  
2 0 8 0  
2100 
211d 
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C SUBROUTINE HEAT2 I N  ANALYSIS CODE A02. 
SUBROUTINE HEAT2 (KZvMZ)  
COVYON /CROSS/ NENEGY 9 ENERGY ( 1 0 0  1 r TCS ( 89 100 1 
COM'4ON /JUNK/ A, AO(2O)  9 A A l ( 2 0 )  9 AP129 AT, A T l ( 2 0 )  9 ATWT(8)  

1 B J  B O ( 2 0 1 9  B A l ( 2 0 ) r  C, C O ( 2 0 ) r  C A l ( 2 0 1 9  CROSI CRSSI DELCT, 
2 DISTk'* DSODt E r  E A l ( 2 0 1 9  E 0 ( 2 0 ) 9  ELOCUTr E G R P ( 2 0 ) r  E S I ( 8 ) r  
3 ESUa.'(20), E P R I N T ( 2 1 1 9  G P R I N T ( 2 l ) r  ESP, GRAU(21) ,  H ( 2 ) r  H E ( 2 ) g  
4 ICOL, I E I N T V I  IEMAXI IEPMAXI I k T A B 1 2 0 ) r  I G I N T V ,  XGPXAX? I H 1 ,  
5 I H 2 9  IHTAPE, J l N O ,  . ILAST(  IPPMAX, IREGSC, J2NO9 JPi, JTAPE, 
6 JTAPE1, JTAPE2r  JAI JI, K r  K l t  KESCZ, K G R P ( 3 t 2 O ) v  KLClAX, KIIEC, 
7 KS, KTAPEI L1, L 2 9  L 3 9  LBJ, LZ, ;*lATREG(SO)r M H T A P E ( 2 ) r  M I G H T ( 2 ) r  
8 Y'vOr  NBlr NEL, N G I  NHT, NHIST,  NOINT, NNv, N l i r  N R l ( 2 0 ) r  NR2, 
9 h I R l A l ( 2 O ) r  NRECI NLJB, N L I B I  r\lSG, P I D ,  0 ,  IWIDI  SI SUMSr T ( 5 0 9 2 0 )  

CO'J~:<ON T M ( a , l 0 0 ) r  ~ i E X P ( 2 0 9 2 0 1 9  W E X P A l ( 2 0 ) r  W 0 ( 2 0 ) ,  X c  X O ( 2 0 ) r  
1 X29 X A l ( 2 0 1 9  YI Y O ( 2 0 1 9  Y 2 9  Y A l ( 2 0 ) r  Z, ZO(20)r 2 2 ,  Z A l ( 2 0 ) r  
2 D N ( 1 0 9 8 ) r  ISRCTPI ISRCRCI NMATI ETM, E M A X ( 2 O ) r  I L O C ,  T L ( 2 l ) r  
3 B E C ( 2 0 1 9  LSO, ILOCUT, WEXPDI BEGGER(2Or2019 NTAPt  JSENSE, 

4 A W ( 2 0 ) r  1x1, iVKREC(21, I N L I B R ( l l 1 r  INSUPR(201,  I N E L E M ( 8 ) r  
5 GSUM(201, P ( 5 0 r 2 0 )  
5 /CEOYl /  I B T (  7 5 1 9  A F (  7 5 1 9  Z F (  7 5 1 9  CF(  7 5 1 9  XF(  751,  YF(  7 5 ) r  
6 I B N ( 5 0 9 9 ) ~  M P R ( 5 0 9 9 ) r  N B ( 5 0 1 ,  tPSL,  NBDI NREG 
2 /CARDC/ I S ,  I S 1 9  I L ,  I L 1 ,  F L I B ,  N P H I N T ( 9 ) r  b1S 

C 
ZHIST='vHIST 

I R Y O  = 0 
Y = KZ 
KS = YZ 
CALL S L I T E  ( 0 )  
X = XO ( K )  
Y = Y O  (K) 
z = zo ( K )  
A = A0 ( K )  
B = R O  (K) 
c = co ( Y )  
E = E3 ( K )  
bl = kJ0 ( K )  
Y R =  r \ l r i l ( K )  
AT= A$\: ( Y )  
I F  (JSENSE) 465,  4 6 5 9  2 0 0  

':!R I T E 
V R I T E  ( 6 3 2 0 5 ) K ,  KS, ~ R v  E, W, AT 

WQITE ( 6 9 2 0 6 ) X i  YI Z9 AI €3, C 

1 0 0  FORYAT (15HOHEAT2 LOCATION, 1 3 )  

2 0 9  V D = l  

( 6 9 10 0 1 YP 

2r)5 FOR'sAT (20HOY9 K S 1  NR9 E, W I  AT/5X9316,3E12.4) 

2 0 6  FORk4AT (29HOA9 0 9  C, X 9  YI 2 /5X16E12.4)  
C 
C CARDS '4102 THRU V128 ARE DUPLICATES 05 A PART OF A1A2 (ANALYSIS A011 

4 6 5  I F  (NR-2)  510,  4709 5 1 0  

S U B O O l O  
SUB0020 

SUB081)O 
SUB08 10 
SUB0820 
SUY0830 
SUB0840 
SUB0850 
SUB0860 
SUB0870 
SUB08 80 
SUB0890 
SU1309OU 

SUB0 9 2  3 
SUB0930 
5UBU 940  
SUUOY 5 0  
SUBd960 
s ut30 9 7 3  
SUB0 9 8 0  
SUB0 9 90  
s ut3 1 0 00 
SUB1010 
SUULOLO 
suf31o3u 
SUB 1040 
SUB1050 
SUB1060 

s u i 3 3 9 i u  
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SUB1270 
S U B l  2 80 

SUB1300 
SUB1310 
S U B l  3 20 
SUB1330 
SUB1340 
SUB1350 
SUB1360 
S U B l  3 70 
SUB1380 
SUB13 90 
SUB14i30 
SUB1410 
SUB1420 
SUt31430 
SUB1440 
SUB1450 
SUB1460 
SUB1473 
SUB1480 
SUB14Y0 
SUB 1 5  00 
S U B l  5 1 0  
SUB 1 5 2 0  
SUH1530 
SUB1540 
SUB1550 
SUB1 5 6 0  
SUB1570 
S U B l 5 8 d  
SUB15 YO 
SUH16UO 
SUB1623 
SUB16LO 
SUH163L, 

SUB166U 
SUB1670 
SUB1680 
SUB16YU 
SURi7L)O 
SUB1710 
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6 6 6  FORMAT(26HOEXPOs X 9  Y, 21 X29 Y 2 ,  2 2 / 5 X ~ 7 € 1 2 * 4 )  
6 6 8  IF (NR -2) 6 7 0 r 1 1 0 0 ~  6 7 0  
6 7 0  IRND = 2 

9 9 0  C A L L  INTERP (E~MNOICROS) 
GO TO 5 1 0  

DO 1 0 1 0  J = 2 9  IEPMAX 
I'F ( E  - E P R I N T ( J 1 )  1 0 0 0 9  1 0 0 0 9 , 1 0 1 0  

1 0 0 0  KE = J - 1 
GO TO 1.020 

1 0 1 0  CONTINUE 
1020 I F  (MNO)  1 0 4 0 9  10309 1 0 4 0  
1 0 3 0  T L ( K E 1  = W*EXPO*S 

GO TO 1050 
1 0 4 0  T L ( K E )  = (W/CROS) * EXPO* ( l .O-EXP(-S * CROS)) 
1 0 5 0  T(NR ,KE) = T(NR r K E )  + T L ( K E )  

1100 GO TO ( 2 0 0 0 ,  1 1 5 0 9  1 2 0 0 ) s  LSO 
1 1 5 0  GAM = C 

GO TO 6 6 0  

JGAM = IGPMAX 
DO 1 1 7 0  J = 1 9  IGPMAX 
I F  (GAM-GRADIJ)) 1 1 7 0 9  11709  1 1 6 0  

1 1 6 0  J G A M  = J-1 
GO TO 1 1 8 0  

1 1 7 0  CONTINUE 
1 1 8 0  WEXP(JGAY9KE) = WEXP(JGAM9KE) + lnl*EXPO 

I F  (JSENSE)  20009  20009  1 1 8 5  

WRITE 1 6 r 1 0 0 ) M P  
1 1 8 5  MP=4 

W R  I T E ( 6 9 1 1 9 0  ) K E i  JGAM 9 W 9 EXPO WE X P ( JGAM 9 KE 1 r,GAM 9 GRAD ( J 1 
1 1 9 0  FORYAT(47HOKE9 JGAM, W 9  EXPO, PJEXP(JGAMIKE), GAL19 G R A D ( J ) 1 5 X * 2 1 6 *  

1 5 E 1 2 r 4 )  
GO TO 2 0 0 0  

CALL ESCAPE 
1 2 0 0  WEXPD = W*EXPO/ZHIST 

I F  (JSENSE)  20009 20009 1210 
1 2 1 0  w = 5  

WRITE (6 , lOO)MP 
W R I T E '  ( 6 , 1 2 2 0 ) W ~ E X P O ~ Z H I S T ~ W E X P D  

1 2 2 0  FORYAT (22HOW9 EXPO9 ZHIST9 WEXPD/5X94E12*4) 
2 0 0 0  RETURN 

END 

SUB1720 
SUB1 7 3 0  
SUB1740 
SUB1750 
SUB1760 
SUB1770 
SUB1780 
SUB1790 
SUB1800 
SU8l.910 
SUB1820 
SUB1830 
SUB1840 
SUB18 50 
SUB1860 
SUB1 8 7 0  
SUB1880 
SUB18YO 
SUB1900 
SUB 1 9  10 
SUB 1 9  2 0  
SUB1930 
SUB1940 
SUB1950 

SUB1970 
SUB1980 
SUB 19 90  
SUB2000 
SUB2010 
SUB2020 
SUB2030 
SUB2040 
SUB2 0 5 0  
SUB2 0 60 
SUB2070 
SUB2080 
SUB2090 
SUB2 10Y 
SUB2 110 
SUB2120 
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C SUUROUTINE CrZSiIED Illl AYALYSIS  CODE AO2m 
SUFlROUT I V E  CRSIIED 
C O W ~ O N  /crioss/ PULI ( 90 1 

C 
(IEAD ( 9 ) ( D U M ( N ) ,  N=l, 901 1 
RETURN 
E \ID 

SUB0 0 10 
SUB0020 

SUB0080  
SUB0120 
51180130 
SUB0 140 
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C SUSRQUTINE ESCAPE I N  ANALYSIS CODE A02 

C 
SUBROUTIVE ESCAPE 

COY~IOh /CROSS/ NENEGY 9 ENERGY ( 100 1 9 TCS ( 8  9 100 1 
CO".:L!OP] /JUNK/ A, A 0 ( 2 0 ) ,  A A l ( 2 0 1 9  AP12r  AT, A T l ( 2 0 1 ,  A T W T ( 8 ) s  

1 E(, 3 0 ( 2 0 ) 9  H A l ( 2 0 1 9  C r  C O ( 2 0 ) 9  C A l ( 2 0 1 ,  CROS, CRSS, DELCTI 
2 PIST' Ip  DSQDI E l  E A l ( 2 0 1 9  E O ( 2 3 ) r  ELOCUT, E G R P ( 2 0 1 r  E S I ( 8 ) r  
3 FSU"(ZO),  E P R I N T ( 2 1 1 ,  G P R I N T ( 2 1 ) ,  ESP, GRAD(211, H ( 2 ) ,  H E ( 2 ) 9  
4 I C O L ,  I F I N T V ,  IEYlAXr I E P V e X r  I E T A B ( 2 0 ) v  I G I N T V ,  IGPYAXt I H 1 ,  
5 I d 2 9  IHTAPEI 31N0, ILAST,  IPP:?AXr IREGSC9 JZNO, JMI JTAPEg 
6 J T A P E ~ ,  JTAPE2, J A ,  JI, K I  L l r  KESC2r KGRP(3,20) ,  KLMAX, KRECI 
7 KSI <TAPE, L l r  L 2 9  L 3 r  L B J ,  LZ, "1ATIIEG(50), M H T A P E ( 2 ) r  MIGHT(Z1,  
8 b,ni\Or d B l ,  hEL, ivC9 NIiT, NWIST, i\JOII\lT, NXr NRI N R l ( 2 0 1 ,  NR29  
9 Y!RlA1(2319 T'IRECr NUB, N L I B ,  NSGr P I D ,  ,QI I 0 1 0 1  SI SUt4St T ( 5 0 9 2 0 )  

CO'J~'"GY T Y ( 8 r 1 ' 7 0 ) r  'AEXP120,ZO) 9 W E X P A l ( 2 0 ) r  W0(20 ) ,  X ,  X O ( 2 0 ) r  
1 X Z ,  X A l ( 2 3 ) r  Y, Y O ( 2 0 ) r  Y29 Y A 1 ( 2 0 ) 9  2, Z O ( 2 0 ) r  Z 2 r  Z A l ( 2 0 ) r  
2 9 ' < ( 1 ' 3 ~ 8 ) ,  ISRCTPI ISRCRC, NP.~ATI ET419 EMAX(20)  9 I L O C ,  T L ( Z l ) ,  
3 6EG ( 7 3  ) r L S 0 r  I LOCUT 9 WEXPD r SEGGER ( 2 0  920 1 9 NTAPI JSENSE, 
4 AS*:(2Q) r 1 x 1 9  MKREC(2)  r I ; d L I B R ( l l )  I N S U P R ( 2 0 )  9 I r \ lELEM(B),  
5 GSU'I (20)  r P ( 5 3 9 2 0 )  
5 / G E O ' J l /  I B T (  7 5 ) r  A F (  7 5 ) ~  Z F (  7 5 ) r  C F (  7 5 ) r  X F (  7519 YF(  7 5 1 9  
6 18:1(53,9) 9 U P l ? ( 5 3 r 9 )  9 NB(50)  9 EPSLI NUUP NREG 
2 /CARi>C/ I S 9  I S 1 9  I L ,  I L L ,  F L I R ,  U P R I N T ( 9 ) r  i4S 

C 
ICOL = I C O L  + 1 
!:IEXP A l ( 1 C O L )  = v!EXPD 

E A l I I C O L )  = E 
X A l ( I C C L 1  = X 
Y A l ( 1 C O L )  = Y 
Z A l ( 1 C G L )  = Z 
A A l ( 1 C O L )  = A 
H A l ( 1 C O L )  =' I3 
C A l ( I C 0 L )  = C 

v R 1  A l ( 1 C O L )  = !ql i  
I F  ( I C O L - 2 0 )  50, 2 0 9  5c) 

'.!RITE ( 1 x 1  ~ ~ X ~ ~ ~ I ~ ~ Y A ~ ~ I ~ ~ Z A ~ ~ I ~ ~ A A ~ ~ I ~ , R A ~ ~ I ~ ~ C A ~ ~ I ~ Y  E 
1 A l ~ I ~ ~ X E X P A 1 ~ I ~ ~ ~ ~ 1 A l ~ I ~ ~ I ~ l ~ 2 0  ) 

I C O L  = 3 
I F  (YREC - 8 0 0 0 )  509 30,  3 0  

I F  ( Y G - 1 )  319  339 3 5  

2 0  YYEC = KREC + 1 

3 C  JTAPE2 = JTAPE2 + 1 

3 1  ' , ! i i ITE  ( 6 9 3 2 )  
32  FOR"AT ( lH1,47X7H'\IEUTl<ON) 

GO T O  3 7  
3 3  'JHITE ( 6 t 3 4 )  
3 4  FOR'IAT ( lH1,48X5HGAYMA) 

GO TO 3 7  
3 5  WRITE ( 6 9 3 5 )  
3 6  F3R"AT ( ~ H ~ ~ ~ ~ X ~ ~ Y S E C O I V D A R Y  GAt'4'4A) 

sul30010 
SUB0020 
SUB0030 

SUB0868 
SUB08 70 
SUB0383 
SUB0890 
s u 3 0  9 0 0 
SUB0910 
SUB0 9 2 0  
SUB0930 
SUB0940 
SUB0 9 5 0  
SUU0963 
SUB0970 
SUB0980 
SURO 991) 
S U H l 0 0 0  
S Ut3 10 1 0  
SUH 10 2 0  
SUB1040 
SUI31050 
SUB1060 
S u b 1 0 7 0  
SUYlO 8 3  
SUR109i l  
SUB1100 
S U B l  1 1 0  
S U B l  1 2 9  
sua1 1 3 3  
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SUBROUTINE SEARCH (KA,XlrYlrZlr~RlrMSRCH,KESC2) 
COMMON /GEOH1/ IBT( 7519 AF( 7519 ZF( 7519 CF( 751s XF( 7519 
1 YF( 7.519 IBN(5019)e MPR(50r9)r NB(50)r EPSL, NBD9 NREG 
PSRCH = 0 
K = KA 
JZ = I \ I B ( K )  
DO 200  I=l,JZ 

JZ2 = IBT(JZ1) 
JZ1 = IABSCIBN(K91 1 )  

IF (JZ2) 6 9  6 9  5 
5 IF (JZ2-9) 8 9  8 9  6 
6 WRlTE (6r7.t  JZ29 JZlt K9 JZ, NR1 
7 FORMAT (18H THE VALUE OF IRT=iI5r20H FOR BOUNDARY N U M B E R I I ~ ~ ~ H ~ /  
128H OR NB(NR2) MAY BE IN ERROR./ 4H NB(r12t2H)=913r5H,NR1=~12) 
CALL EXIT 

8 GO TO (10r2013094095096097098Ot90~ r JZ2 
J Z 1 ) ) * * 2  + (Yl-YF(JZl))**2 - AF(JZl)*(Zl-ZF(JZl1)**2 10 XR =(Xl-XF 

1 -CF(JZl) 
GO TO 100 

20 XR =(Xl-XF 
GO TO 100 

30 XR =(Xl-XF 
1+*2 
GO TO 100 

JZ1))**2 + (Yl-YF(JZl))*+Z - AF(JZl)*(Zl-ZF(JZl))**Z 
JZ1))**2 + (Yl-YF(JZ1))**2 - (AF(JZl)*(Zl-ZF(JZl))) 

40 XR =(Xl-XF(JZ1))**2 + (Yl=YF(JZ1))**2 - AF(JZl)**2 
50 XR =(-Xl+XF(JZl))*SIN(AF(JZl)) + (Yl-YF(JZl))*COS(AF(JZl)) 

60  XR =Zl-AF(JZl) 

70 XR =Xl-AFtJZl) 

80 XR =Yl-AF(JZl) 

90 XR =Xl*AF(JZl) + YlWZF(JZ1) + Zl*CF(JZ1) - XF(JZ1) 

GO TO 100 

GO TO 100 

GO TO 100 

GO TO 100 

GO TO 100 

GO TO 100 
100 IF (IflN(K91)) 1101 1309 130 
110 IF (XR) 2099 2009 250 
130. IF ( X R )  2509 2009 200 
200 CONTINUE 

YSRCH = 1 
KESC2 = NR1 
NR1 = K 

END 
250 RETURN 

/ 
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C SUBROUTINE DF7 FOR CODES H O l g ’ A O l t  AND A020 
SUBROUTINE DF7 ( N R l r X l t Y l t Z l r N B l t N R 2 r K E S C 2 )  
COMVON /GEOMl/ I B T (  751,  AF( 7519  ZF( 7519  CF( 7 5 ) s  XF( 7 5 1 9  

1 YF( 7519  I B N ( 5 0 t 9 ) t  M P R 1 5 0 r 9 ) ~  N B ( 5 0 ) v  EPSLr  NBD, NREG 

1 1P3E12.4 1 
525  FORMAT (49HOCANNOT F I N D  REGION FOR PARTICLE WITH COORDINATESt 

6 0 0  I F  (NR2-2)  6 0 5 9  602, 605 
6 0 2  YESC2 = NR1 

“ ’ R 1  = 2 
G 0  TO 7 0 0  

6 0 5  JEZ = NREG 
J A Z  = NR2 
?<CY = 0 

I F  ( I  2 )  6209  6 5 0 9  6 2 0  

I F  (hlSRCH) 6 5 0  ,650 ,790 

6 1 0  DO 6 5 0  I=JAZ,JEZ 

6 2 0  C A L L  SEARCH ( I t X l t Y l r Z l , N R l r M S R C H , K E S C 2 )  

6 5 0  C O N T  I l4UE 

I F  NCY - 1) 
6 5 5  JEZ = 1 

JAZ = 1 
?ICY = 1 
GO 0 6 1 0  

6 6 5  JAZ  = 3 
JEZ = N R 2  
rJCY = 2 
GO TO 6 1 0  

6 7 0  WRITE ( 6 9 5 2 5 ) X l v  Y 1 ,  Z 1  
GO T O  6 0 2  

700 RETURN 
E ” i I  

SUB0 01 0 

SUB0220 
SUB0230 
E UB 0 2 4 0 
SUB0250 
SUB0260 
SUB0270 
SUB0280 
SUE30 2 9 0  
SUB0300 
SU803 10 
SUB0320 
SUB0330 
SUB0350 
SUB0360 

SUB0370 
SUB0380 
SUB0390 
SUB0400 
SUB04 10  
SUB0420 
SUB0430 
SUB0440 
SUB0450 
SUB0460 
SUB0470 
SUB0480 
S U00 4 90 
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0 0 0 2  
0 0 0 3  
0 0 0 4  
0005  
0006 
0007  
0 0 0 8  
0 0 0 9  
001 0 
0011 
u512 
0613 
0 9 1 4  
3015 
0016 
0017 
0018 
2019 
0 0 2 0  
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I F  (P4+1.OE-5) 2009 2 0 0 9  1 2 5  
1 2 5  I F  ( P 3 )  1 3 0 9  140, 1 4 0  
130. S = -P2 + SQRT(P2**2-P3) + - E P S L  

1 4 0  S = -P2 - SQRT(P2**2-P3) + EPSL 
1 5 0  I F  (S - EPSL)  2 0 0 9  2001 300 
2 0 0  C A L L  S L I T E  ( 3 )  

300 RETURN 

GO TO 1 5 0  

2 5 0  S = 2.0 * EPSL 

END 
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C S\JBROlJTIPE RECOliD I U  COOES A 0 1  AMI) A029 WHICH CALCULATIONS KGRG(1,J) 
SUPROUTIYE RECORU (YSG, L A T J 1 9  BEG9 KGIIG) 
?I"PE::SIOU BEC(20) 9 KGRG(3920)  

C 
c I = l  -- '?LJ';t3El? OF COLLIS1ON.S FOR SUPERGHOUP J ON F I R S T  RECORD 
'- I = ?  -- ri\Jr~:HER OF FULL  RECORDS FOl? SUPEliGHOUP J 

I = ?  -- '"U"'HER OF COLL IS IONS F311 SUPERGROUP J ON LAST RECORD 
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80  FOR"'AT ( 2 3 Y  
9 0  FOR'4AT ( 2 2 H  

' ; ! I ITE ( 6 9 2 0  
r,"? I TE ( 6 9 3 0  
'JR I TE ( 6  940 
I F  ('JG-1) 

100 '.'RITE ( 6 9 5 0  

C 

G O  T O  1 3 0  

0010 
0020 

0 8 8 0  
0 8 9 0  
0300 
0913 
0 9 2 0  
0 9 3 0  
0 9 4 0  
0 9 5 d  
0 9 6 0  
u 9 7 0  
09r0 
0 9 9 0  
1du0 
1010 
1020 
1030 
1 0 4 0  
1 0 5 0  
1 0 6 0  
1 0 7 0  
1080 
1 0 9 0  
1100 
1110 
1120 
1130 
1140 
1150 
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C SUBROUTINE MPRINT I N  ANALYSIS CODE A020 .L ,UEOO 10 
SUBROUTINE MPRINT ( M O P ~ I G I N T V ~ I E I N T V I G P R I N T ~ E P R I N T ~ W E X P )  su80020 
DIMENSION G P R I N T ( 5 1 ) s  E P R I N T ( 2 l ) r  W E X P ( 5 0 9 2 0 ) t  ESUM(50)sCSUM120) SUB0030 

l ,MRAT(SO) SUB0040 
DO 3 0 0  K3  = 1, I G I N T V  SUB0070 

3 0 0  YHAT(K3.) = K 3  SUB0080 
V E  = I G I N T V / 8  SUB0090 

3 2 0  FORMAT (1H+ 17X3HSUM) SUB0100 
3 2 1  FORYAT (1H+ 30X3HSUF.l) SUB0110 
3 2 2  FORYAT (1H+ 43X3HSUM) SUB0120 
3 2 3  FORMAT (1H+ 56X3HSUM) SUB01 30 
3 2 4  FORYAT I l H +  69X3HSUM) SUB0140 
325  FORh4AT (1H+ 82X3HSUM) SUBO 1 5 0  
3 2 6  FOR',4AT (1H+ 95X3HSUM) SUB0160 
3 2 7  FO2IYAT ( lH+108X3HSUM) SUB0170 
4 3 1  FORYAT ( l H O 9 E l l . 5 9 8 E 1 3 ~ 5 )  SUB0180 
4 4 3  FORYAT ( lH0/5X3HSUY,4X98E13.5 1 SUBO 190 

DO 1 1 0 5  J G A M = l r I G I N T V  SUB0200 
1 1 3 5  ESUh4(JGAY) = 0.0 SUB0210 

DO 1 1 1 0  KE = 1 9  I E I N T V  SUB0220 
1113 SSU\ I (KE)  = 9.0 SUB0230 

Y2 = 0 SUB0240 
I E l  = I G I N T V  SUB0250 
DO 1 1 1 5  J G A M  = 1 9  I G I N T V  SUB0260 
DO 1 1 1 5  KE = 1 9 ,  I E I N T V  SUB0270 
FSUV t J G A Y  = ESUM ( J G A M  1 + WEXP ( J G A V  9 KE 1 

1 1 1 5  GSUVlYE)  = GSUM(KE1 + WEXP(JGAM9KE) 
" E l  = '.SE SUB0300 

C SUB0310 
1 1 1 7  I F  ( " E l  1 11209 11209  1 1 6 5  SUB0320 
1 1 2 0  I E l  = I E 1  + 1 SUB0330 

C LESS THAN 9 A'IGLES A V D / O R  REGIONS T O  BE PIIINTED. SUB0340 
K 1  = K2 + 1 SUB0350 
K2 = I G I U T V  SUB0360 
K 4=K 1 + 1 SUY037U 
K 5 = K 2 + 1, SUB03 8 9  
I F  (MOP) 1 1 2 1 9  11219  1 1 2 4  SUB0390 

1 1 2 1  XRITF  ( 6 9 2 1 2 2 )  SUB0400 
1 1 2 2  FORVAT( 1HOj  13X38riUUYCER CURRENT VERSUS ANGLE AND ENERGY / / 8 H  ENER SUB0410 

lGY915X21HDOLAQ ANGLE (DEGREES) 1 su t3042 0 
WRITE ( 6 r 1 1 2 3 ) ( G P R I N T ( K 3 ) r  K3=K49K5)  SUB9430 

1 1 2 3  FORYAT (10H ( Y E V )  9 6F13.3) SUH0440 
GO T O  1 1 2 7  SUB0450 

1 1 2 4  1EJRITE ( 6 , 1 1 2 5 )  Si130460 
1 1 2 5  F O S u A T ( l H ~ r l 3 X 3 1 H F L U X E S  VERSUS R E G I O N  AND ENERGY / / 8 H  ENERGY,20Xl SUB0470 

13HREGI O N  i?lUW3ER 1 SUB0480 
'Yu'RITE ( 6 9 1 1 2 6 )  ( " l R A T ( Y 3 )  9 K 3 ~ K l r K 2 )  SUB049U 

1 1 2 6  FORP'AT ( 7 Y  ('4EV), 8 1 1 3 )  SUB0 5 0 0  
1 1 2 7  GO T O  ~ 1 1 3 0 ~ 1 1 3 1 9 1 1 ~ 2 r 1 1 3 3 r 1 1 3 4 r 1 1 3 5 9 1 1 3 6 ~ 1 1 3 7 ~  9 I E l  SUB0510 
1 1 3 9  W R I T E  ( 6 9 3 2 0 )  SUB0520 
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GO T O  1140 

GO T O  1 1 4 0  

60 T O  1140 

GO T 3  1 1 4 0  

50 T O  1140 

50 T O  1 1 4 0  

GO TO 1 1 4 0  

1 1 3 1  WRITE ( 6 , 3 2 1 )  

1 1 3 2  WYITE ( 6 , 3 2 2 )  

1 1 3 3  WYITE ( 6 , 3 2 3 )  

1 1 3 4  '!!RITE ( 6 , 3 2 4 )  

1 1 3 5  VRITE (6932.5)  

1 1 3 6  WQITE ( 6 9 3 2 6 )  

1 1 3 7  ':!RITF ( 6 9 3 2 7 )  
1140 DO 1 1 5 3  YE = l r  I E I 4 T V  

1141 Wl-? I TE 

1 1 4 2  ;'IR I TF: ( 6 9 4 3 1  FPR I N T  ( K F + 1 )  9 WCXP ( IGI i ' lTV 9KE) ,GSUQI ( K E  

1 1 4 3  VRITE ( 6 , 4 3 l ) f P R I Y T ( < E + l )  ,(WEXP(K3,KE) r K 3 = K l , K 2 )  9 

1 1 5 0  COkTIF\UCT 

I F  . ( I E l - 2 )  1 1 4 1 ,  1142,  1 1 4 3  

GO T O  1 1 5 0  
( 6  ,431 1 EPR I V T  ( Y ,E+ l )  9 GSUM ( KE 1 

GO T O  1150  

SUY = 9.0 
DO 1 1 5 1  KE = 1 9  I E I N T V  

I F  I I E 1 - 2 )  115.29 1 1 5 3 1  1 1 5 3  
1 1 5 1  SU'f = SU'4 + GSUY(Y.E) 

1 1 5 2  WliITE (69443)S(J: t !  

1 1 5 3  h'RITF ( 6 9 4 4 3 )  (ESU'.1(KE), K E = K l s K 2 )  9 Sub1 
GO TO 1 1 9 5  

GO TO 1 1 9 5  
C EICHT(RI ' POLAR ANGLES/GEOYETRIC REGIONS PER PAGE 

1 1 6 5  K l = K 2 + 1  
K2=Y1+7 
K 4 = K l + l  
K5=K2+1 
I F  ( W l P )  1 1 6 6 9  1166,  1 1 7 0  

:*'RITE ( 6 9 1 1 2 3 )  ( G P R I N T ( K 3 )  9 K3=K4,K51 
GO T O  1 1 7 1  

:?!RITE ( 6 , 1 1 2 6 )  CMRAT(K3) 9 .<3=Kl ,K2)  

\,{I< I T E 

1 1 6 6  :"7ITE ( 6 , 1 1 2 2 )  

1 1 7 3  kgl-?ITF ( 6 , 1 1 2 5 1  

1 1 7 1  DI) 1 1 7 5  KF = 1 9  IEI:\ITV 

11 7 5  C O Y T  I VUE 
( 6 9 4 3 1 1 FPR I rY T ( K E+ 1 ) 

( 6 9443 ) ( ESU'4 ( K3 1 9 

( WEXP ( K3  9 KE 9 K3 = K 1 9 K2 

d9  I T t l  
',!F1 = f 4 t l - l  

K3=Kl ,K2 1 

I I : ~  = rE1-a 
50  TO 1117 

C 
1 1 9 5  RETUIIY 

SUB0 53  u 
SUB054L; 
S u ~ 0 5  5t1 
SUf3056C 
SUbO 5 7 6  
SUB0 5 80 
SUB0 5 9 u  
SUt336~!0 
SUB3610 
SUt33620 
SUO0630 
SUO0643 
S U I3 3 6 5 0 
SUO0660 
SUB0670 
SUU3680 
S U!30 6 9 3  
SUB07c)U 
SUt30 7 15 
StJt33 72U 
s u f30 7 3 L, 

5 u t33 7 4 3 
s u 130 7 5 0 
SUt30760 
SLIR0 7 7 c  
SUB0 7 8 0  
S U ~ 0 7 Y O  
SUB3800 
SUBO8lU 
SUB6820 

GSU>,I ( KE 

SUB0840 
SUB3853 
SClUO86O 
suuoa 7 0  
suwac3o 
SUBO8Yc) 
SUB09I)O 
SUBl j910 
SUdO92U 
SUB0930 
SUB0940 
SUHO 9 5 0 
SUB0960 
SUB0970 
SUBO98U 
SUB0990 
SUB1000 
SUB1010 
s u u 1 0 2 0  
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sut31030 

END 
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